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LETTER OF TRANSMITTAL 


U.S. DeparTMENT OF AGRICULTURE, 
Division OF VEGETABLE PHYSIOLOGY AND PATHOLOGY, 
Washington, D. C., February 20, 1900. 
Stn: I respectfully transmit herewith a report on peach leaf curl, 
prepared by Mr. Newton B. Pierce, who has charge of the work of 
this Division on the Pacific coast, and recommend that it be published 
as Bulletin No. 20 of the Division. The report embodies the results 
of investigations and experiments carried on for a number of years, 
and shows conclusively that peach leaf curl can be controlled by com- 
paratively simple and inexpensive treatment. 
Respectfully, 
B. T. GaLtoway, 
Chief of Division. 
Hon. JAMES WILson, 
Secretary of Agriculture. 


LETTER OF SUBMITTAL. 


Paciric Coast LABORATORY, 
Santa Ana, Cal., December 15, 1899. 
Str: I herewith submit a report of investigations on the nature and 
treatment of peach leaf curl. The experiments described were con- 
ducted under the most varied conditions of soil, climate, etc., in all the 
leading peach centers of the United States, and it is believed that the 
recommendations for treatment here given are equally applicable 
wherever peaches are grown. 
Respectfully, Newton B. Prerce, 
In Charge of Pacific Coast Laboratory. 
Mr. B. T. Gatioway, 
Chief, Division of Vegetable Physiology and Pathology. 
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DESCRIPTION OF PLATE I. 


Curl-infested peach shoot from Biggs, Cal. Leaves of this character are badly 
infested with Exoascus deformans. The greatly broadened and distorted leaves, which 
are characteristic of this disease, are shown, and the whitened, spore-covered surface 
of some of the more elevated portions of the upper surface may be distinguished. 
The petioles of the affected leaves are greatly enlarged, the branch is much bent and~ 
distorted, and the internodes of the diseased portion of the branch are greatly 
shortened. A branch thus badly diseased is apt to die during the year unless con- 
ditions for growth are very favorable. It is in shoots of this character that the 
mycelium occurs in greatest abundance, but the hyphz have been seen to spread 
only a short distance beyond the parts showing the hypertrophy. (Compare with 
Pls. V and VI.) 
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PEACH LEAF CURL: ITS NATURE AND 
TREATMENT. 


By Newton B. Pierce. 


CHAPTER I. 


PRIMARY CONSIDERATIONS RELATIVE TO PEACH LEAF CURL. 


INTRODUCTION. 


This bulletin has been prepared to place before the peach growers 
of the United States the results of experiments conducted during sey- 
eral years past for the prevention of peach leaf curl. The losses 
arising from this disease frequently amount to several millions of dol- 
lars annually, and it is believed that a wide dissemination of the results 
obtained by the experiments here outlined will lead to a large saving 
to the peach industry. During the progress of the Department’s work 
over one thousand six hundred peach growers in all peach-growing 
States have been requested to test the preventive measures here rec- 
ommended. A large number have done so, and some of the more 
important results of their work are also given. From conservative 
data it has been estimated that the experimental work thus widely set 
on foot by the Department has saved to the country in a single year 
the sum of three-fourths of a million dollars. This is but a fraction, 
however, of what may easily be saved in the future, when all growers 
have obtained a more thorough understanding of the disease and its 
prevention. : 

The obscure views held by many growers in the past upon the true 
nature of peach leaf curl, and the total lack of preventive measures 
up to a recent date, make it desirable to thoroughly consider the sub- 
ject at this time and to record the detailed work upon which the con- 
clusions reached are based. These conclusions are that peach leaf curl 
may be prevented with an ease, certainty, and cheapness rarely attained 
in the treatment of any serious disease of plants, and that there is no 
longer a necessity for the losses annually sustained from it in the 


United States. 
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12 PEACH LEAF CURL: ITS NATURE AND TREATMENT. 
GENERAL CHARACTERISTICS OF THE DISEASE. 


The disease of peach trees here considered is variously known in 
different regions and languages. In the United States it is commonly 
know as peach leaf curl, or curl leaf of the peach; in England and 
all British possessions, as leaf blister, leaf curl, or curly leaf; in 
France, as cloque du pécher; in Germany, as Kriiuselkrankheit; in 
Italy, as Fillorissema, ete. . 

Peach leaf curl is a disease which seriously affects the leaves, flowers, 
tender shoots, and fruit of the peach. Its action is most severe in the 
spring of the year, shortly after the leafing of the trees, and the greatest 
injuries are caused in wet seasons and in humid localities. The leaves 
become enlarged, thickened, much curled, and distorted. As the dis- 
ease progresses the healthful green of the foliage is changed to a yel- 
lowish, sickly appearance. The leaves soon fall, and the newly formed 
fruit ceases to grow, yellows, wilts, and likewise falls. The total loss 
of foliage and crop is common in seasons favorable to the disease. A 
second growth of leaves develops more or less rapidly, according to 
the severity of the disease and the favorable or unfavorable soil and 
atmospheric conditions prevailing at the time. If the soil and atmos- 
phere are dry and the temperature high, new foliage may appear slowly 
and much of the terminal growth may die throughout the orchard. In 
severe attacks young trees are frequently killed. The second crop of 
leaves, appearing on affected trees after the spring defoliation, usually 
remains comparatively free from curl for the rest of the season. The 
amount of disease which will appear upon this later crop of foliage 
depends largely upon the humidity or dryness of the atmosphere, 
excessive moisture favoring a continuance of the trouble. The action 
of the disease upon spring branches causes them to enlarge, become 
curved and distorted in various ways, and often to dry up and die. 


GEOGRAPHIC DISTRIBUTION. 


Peach leaf curl exists in most peach-growing countries. Its distri- 
bution in the United States extends from the Gulf of Mexico to Can- 
ada and from the Atlantic to the Pacific. The centers of greatest 
prevalence, and where the greatest losses are sustained from this cause, 
are in the leading peach-growing districts bordering the Great Lakes, 
especially in Michigan and western New York; in the central, north- 
ern, and coast regions of California; and west of the Cascade Moun- 
tains in Oregon and Washington. The disease is less serious, or is of 
minor importance, in those peach-growing counties of New York 
most distant from the lakes, in Pennsylvania, Ohio, Indiana, Illinois, 
and in southern California. Still less injury is reported from New 
Jersey, Delaware, Connecticut, Rhode Island, Massachusetts, Mary- 
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land, Virginia, West Virginia, Kentucky, ‘Tennessee, North Carolina 
South Carolina, Arkansas, Oklahoma, Louisiana, Mississippi, Ala- 
bama, and Florida, but in most of these regions occasional serious 
outbreaks are reported in seasons favorable to curl or in particular 
localities. It prevails rather more seriously in portions of Geor- 
gia, Kansas, and Missouri. In Texas, New Mexico, Arizona, and 
Colorado it has occasioned but little loss and is not widely known. 
Reports from Utah and Nevada are meager, but it is probable that the 
disease prevails to a limited extent in both States. The more northern 
States not mentioned here have either failed to report the prevalence of 
the disease or are properly included within that portion of the United 
States unsuited, by rigor of climate, to successful peach culture. 

In Canada both Ontario and British Columbia, which are the leading 
peach-growing provinces, are favorably situated for the serious devel- 
opment of peach leaf curl in wet seasons. Mr. John Craig, horticul- 
turist of the Central Experimental Farm, Ottawa, writes that the 
disease *‘ obtains in Canada in all the peach-growing districts, including 
British Columbia and the Province of Nova Scotia.” It is known to 
cause considerable losses of fruit in some sections.’ 

Peach leaf curl exists also in some if not all the peach-growing coun- 
tries of South America. In Chile the peach is widely. grown, being 
planted from the snow line of the Andes to the Pacific Ocean, and from 
Copiapo south as far as Valdivia, a distance of 800 miles. Mr. C. T. 
Ward, Jr.,” of the Hacienda Loreto, Department of Limache, says that 
the parasite of peach leaf curl ‘* exists all over the country where the 
peach grows,” but that no satisfactory method of control is yet 
practiced there. 

In Europe Dr. R. Sadebeck’® records the disease from Denmark, Ger- 
many, Austria, Switzerland, and Italy. He states that in central Ger- 
many it prevails more extensively than in the vicinity of Hamburg.‘ 
Among the many German scientists who have written upon this 


'Mr. L. Woolverton, secretary of the Fruit Growers’ Association of Ontario, said, 
in 1890, in a paper entitled, Points on Peach Growing in the Niagara District, pub- 
lished in the Annual Report of the Society for that year, pp. 56 and 57: ‘‘ The peach 
has its share of enemies and diseases, chief among which are the curl, curculio, the 
borer, and the yellows. For the curl I know no remedy. It is not often severe, but 
sometimes with the diseased leaves the fruit also drops.’? Mr. John Craig, in writing 
from Ottawa under date of October 7, 1897, says, relative to the disease in Ontario: 
“‘It is only severely injurious here during years of unusually heavy rainfall. This 
year it was very bad.”’ 

* Letter of March 22, 1896, to Mr. J. M. Dobbs, U. 8. Consul at Valparaiso, Chile. 

*Sadebeck, Dr. R., Die parasitischen Exoasceen. Eine Monographie, Hamburg, 
1893, p. 94. 

*Sadebeck, Dr. R., Untersuch. tiber die Pilzgattung Exoascus, Hamburg, 1884, p. 
115. 
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disease and its cause are Sadebeck,' Winter,” De Bary,* von Tavel,' 
Ha tig,’ Zopf.® Tubeuf,” Ludwig,’ Sorauer,’ Frank,” Kirchner, i 
Fuckel,’* and others. Winter says (I. ¢.) that the faneae of this 
inalady causes great damage by early defoliation of the trees, and that 
iteven kills the diseased trees by its repeated occurrence. 

In Great Britain peach leaf curl has been common for a great many 
years. In 1821 it was accurately described by an English gardener 
under the name of *‘blight.” He says:' ‘*‘ Under this denomination 
[blight] are frequently confounded two varieties of disease materially 
different in their appearance, and which I shall distinguish by the 
appellation of b/éster and curl. The former is generally confined to 
such peach trees as have glandular leaves, which are mostly subject 
to it in the months of Apriland May, and when attacked it is not 
until the latter part of the season, if at all, that they become healthy. 
The leaves so attacked are crisp, ane assume a swollen, cr umpled, and 
succulent appearance; the shoots themselves are e affected by it in the 
same manner, and never produce either good blossom or healthy wood.” 
Berkeley has described the fungus causing this disease, and it has 
been mentioned by Bennett and Murray” and many other English 
writers. (Consult a popular article on Peach Blister, by W. G. Smith, 
Gardeners’ Chronicle, Vol. IV, pp. 36, 37.) 


'Sadebeck, Dr. R., see ence cited; also Waive neue Beobachtungen und krit- 
ische Bemerkungen iiber die Exoascaceze, Bot. Ges., 1895, Band XIII, Heft 6. 

*Winter, Dr. Georg, Die durch Pilze verursachten Krankheiten der Kulturge- 
wichse, Leipzig, 1878, p. 47; also Rab. Krypt. Flora, 1885, II, p. 6. 

*De Bary, Prof. A., Comparative Morphology and Biology of the Fungi, Myceto- 
zoa, and Bacteria, Bead edition, Oxford, 1887, p. 265; see also in the same volume 
various other references to the arrangement and position of the Exoascus group. 

*Tavel, Dr. F. yon, Vergleichende Morphologie der Pilze, Jena, 1892, pp. 55, 56. 

°Hartig, Dr. Robert, Lehrbuch der Baumkrankheiten, Berlin, 1889, p. 118; also 
the English edition, Text-book of the Diseases of Trees, London, 1894, p. 132. 


/ 


°Zopf, Dr. Wilhelm, Die Pilze in morphologischer, physiologischer, biologischer, - 


und systematischer Be ziehung, Breslau, 1890, pp. 236, 282. 

‘Tubeuf, Dr. Karl Freiheer von, Pflanzenkrankheiten durch kryptogame Para- 
siten verursacht, Berlin, 1895, pp. 167-188. 

“Ludwig, Dr. Friedrich, Lehrbuch der Niederen Kryptogamen, Stuttgart, 1892, 
p. 205. ! 

*Sorauer, Dr. Paul, Handbuch der Pflanzenkrankheiten, Zweiter Theil, Die para- 
sitiren Krankheiten, Berlin, 1886, p. 278. 

Frank, Dr. A. B., Die Krankheiten der Pflanzen, Band II, Die Pilzparasitiiren 
Krankheiten, Bre aes 1896, pp. 249, 250. Edition of 1880-81, Vol. II, p. 526. 

Kirchner, Dr. Oskar, Die Krankheiten und Beschiidigungen unserer landwirt- 
schaftlichen Kulturpflanzen, Stuttgart, 1890, pp. 324, 407. 

” Fuckel, L., Symbole mycologicz, 1869, p. 252. 

' See quotation in Report of Michigan Pomological Society for 1878, pp. 16, 17. 

' Berkeley, M. J., Introduction to Cryptogamic Botany, 1857, p. 284, and Outlines 
ip British Fungoloey, London, 1860, pp. 376, 444, tab. 1, fig. 6. 

*Bennett, A. W., and Murray, George, A Hndbook of Cryptogamic Botany, 
am 1889, p. 379. 
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Tulasne,’ Prillieux,” and others (Cours compléte @agriculture, T. 
XY, p. 255, art. Pécher) have studied this disease more or less care- 
fully in France, where it often develops in a serious form. In June, 
1890, the writer saw the peac ‘h trees near the Mediterranean, particu- 
larly, about Montpellier, in anything but a healthy condition. On the 
3d of June leaf curl was bad, and the ends of branches were seen to 
be dying in some cases. In Italy Briosi and Cavara,’ Berlese,* and 
Comes’ are among those who have described this malady. The dis- 
ease varies in its prevalence through Italy in accordance with its 
habits elsewhere. ‘The trees of northern Italy appeared more health- 
ful than in the south of France during the visit of the writer in 1890, 
but considerable gummosis, perhaps due to the same cause, was 
observed in both regions. In western Sicily, near Palermo, le: af curl 
yas again encountered in severe form. The situation in Spain and 
Portugal is not known, but in the more humid coast regions it should 
not he materially iftieced from the condition found in Italy. In 
Greece, as stated by Prof. P. Genardius,® the disease rarely causes 
any damage of importance, because of the dryness of the climate, and 
for this reason, he states, no treatment has been tried. In Austria- 
Hungary the situation respecting leaf curl is much the same as in 
Italy. Dr. Johann Bolle, director of the Institute of Experimental 
Agricultural Chemistry, at Gorizia, writing from the island of Cherso, 
under date of October 25, 1897, states that in rainy weather 
the disease appears some years with great intensity and causes great 
damage. In Roumania the situation is much the same. Prof. Wilhelm 
Knechtel, of the Agricultural School of Herestrau, states in a letter 
dated Bucharest, October 17, 1897, that in that country leaf curl of the 
peach is also a troublesome and destructive disease to which the trees 
are subject in many years. He states that Roumania has in the region 
of the lower Danube almost a steppe climate—in summer very hot 
and dry, in winter cold, with very abrupt temperature changes, so 
that the variations of temperature within twenty-four hours not infre- 
quently amount to from 10° to 15° R. (22.50° to 33.75° F.). When 
such changes of temperature occur in the spring at the time of leaf 
development the disease is certain to appear. The growth of the 
vegetation, which has been favored through the preceding warm days, 
is checked during succeeding days of lowered temperature, when 


'Tulasne, L. R., Ann. d. Sci. Nat., 1866, ser. 5, T. V, p. 128. 

* Prillieux, Ed., Bull. de la Soc. Bot. de France, 1872, T. XIX, pp. 227-230; Compt. 
Rend. 3; also Maladies des Plantes Agricoles, Paris, 1895, T. I, pp. 394-400. 

* Briosi, G., and Cavara, F., Fungi Parassiti d. Piante Coltiv. od Utili, essice., delin. 
e deser., 1891, fase. 5, No. 104. 

*Berlese, A. N., I Parassiti Vegetali d- Piante Coltiv. o Utili, Milano, 1895, pp. 
124-126. 

*Comes, O., Crittogamia Agraria, Napoli, 1891, pp. 163, 165-167, 549. 

* Letter dated Athens, Sept. 12, 1895. 
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the development of the fungus begins, so that in June all leaves at the 
ends of the young branches are curled and deformed and perhaps all 
the blossom buds fall off. If the more developed leaves at the base of 
the young shoots prove more resistant to the fungous action, then fresh 
shoots are formed in June, even if not in normal condition, but yet 
somewhat healthy, so that the tree remains intact. In the more pro- 
tected hill regions of the vineyards, at the foothills of the Carpathian 
Mountains, this disease is also troublesome, but less intense than in 
other parts of the country. 

Peach leaf curl exists in South Africa, and probably also throughout 
Algeria and other peach-growing portions of the continent. Professor 
MacOwan, of the department of agriculture of Cape Colony, has 
written of the disease in South Africa, giving his views as to the 
proper manner of treating the same.t He also writes that it is “Sa 
creat plague at the Cape.” ” 

A peach grower of Drysdale, Frere, Natal, in writing to the Cape 
Colony agricultural department under date of October 31, 1893, says 
that he has a good many peach trees of the yellow, white, and St. 
Helena varieties, and that they are all affected with the discolored and 
curled-up leaves characteristic of this disease; that several of his neigh- 
bors are complaining that their peach trees are suffering like his; and 
that the disease seems to be spreading. The young trees were simi- 
larly affected. ° | 

Perhaps no foreign country has suffered more from peach leaf curl 
than New Zealand. Mr. W. M. Maskell, of Wellington, writes as 
follows:* ** The curly blight has been for many years prevalent in this 
country—so much so that whereas in the early days peaches were exceed- 
ingly luxuriant and fine, they have dwindled to comparatively very 
small and poor trees and in many parts of the colony almost died out. 
In the last two or three years the people have been advised to employ 
remedies, and have done so to some extent, so that there is a marked 
improvement in the peach orchards. * * I can myself recollect, 
early in the sixties, when the most splendid peaches used to grow 
wild in the warm northern districts, where now scarcely a tree is 
seen; and the curly blight has been a dreadful curse all over the colony.” 

Australians report peach leaf curl among their serious plant dis- 
eases. In South Australia it ‘*has been known quite twenty years,” ? 
and probably longer, and occasions considerable losses in seasons 
favoring it. The situation is much the same in New South Wales. 


'MacOwan, Prof. P., Agricultural Journal, published by the department of 
agriculture of Cape Colony, 1892, Vol. V, pp. 252, 255. 

* Letter dated Cape Town, Oct. 26, 1895, 

* Agricultural Journal, Cape Colony, Vol. VI, No. 28, p. 451. 

‘ Letter dated Wellington, New Zealand, December 24, 1895. 

Observations of Mr. A. Molineux, general secretary for the agricultural’ bureau 
of South Australia, letter dated Adelaide, February 11, 1895, : 
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Prof. N. A. Cobb, pathologist for the agricultural department of that 
colony, has described the malady quite fully, and although he fails to 
specify particular localities, it is probable that his descriptions are 
drawn from observations made in the colony for which he writes. He 
says that in the most severe cases of the disease ‘* the fruit falls about 
three weeks after setting, and nota peach is left to ripen. This occurs 
on trees on which the disease is chronic and severe. * * * Such 
trees are worthless, nay, worse than worthless; they are a constant 
menace to the peach trees in the neighborhood. The sooner they are 
eut down and burned, and thus utterly destroyed, the better it will be 
for the peach industry. -* * * TI have now described the disease in 
its worst form, a form in which it is not common. The milder forms 
of the disease are much more frequent.” 

Peach leaf curl also prevails in Victoria, where it has been placed, 
according to Mr. D. McAlpine,’ pathologist for Victoria, among the 
specified diseases in the vegetable diseases bill, recently passed in that 
colony. Mr. McAlpinealso says that according to Mr. George Neilson, 
chief inspector under the vegetation diseases act, it has been known 
in Victoria since 1856, and affected peach trees were just as bad 
then as now. Mr. McAlpine adds: ‘‘ The disease is distributed all 
over the colony. In the cooler districts it is generally more severe 
than in the northern and warmer districts, and it is generally more 
prevalent in a moist and cool spring than in a dry, warm one.” 

The situation in Japan has been learned through the obliging and 
careful inquiries of Prof. K. Miyabe,* of the Sapporo Agricultural 
College. He writes that Lxoascus deformans is at present a serious 
pest to the peach trees at Sapporo, north island, and states that his 
attention was first called to its presence in that place some three or 
four years since, but that there is no doubt of its existence from the 
time of the first introduction of American peach trees, about twenty- 
three years ago. The Japanese flowering (double red) peach trees and 
nectarines were introduced at Sapporo by a florist about six or seven 
years ago from Echigo Province in the northern part of the main 
island or Honsiu. These varieties were found to be attacked to some 
extent during these few years. American varieties are now most seriously 
affected, and many persons have been obliged to cut down their trees 
on account of the disease. Respecting the distribution throughout 
Japan, Professor Miyabe says: ‘‘As to the rest of Hokkaido [the 
northern island] I found the fungus in 1890 at Mombetsu, a farming 
village on Volcano Bay, settled about twenty-seven years ago by the 
people from Sendai. I could not tell whether the peach trees culti- 
vated there were of American or Japanese origin. In Honsiu, or 


‘Cobb, Prof. N. A., paper in the Agricultural Gazette, 1892, Vol. III, pp. 1001-1004. 
* Letters dated Melbourne, Australia, July 14, 1896, and Oct. 12, 1897. 
* Letter dated Sapporo, Hokkaido, Japan, Noy. 22, 1897, 
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Main Island, the peach curl seems to be prevalent only inthe northern 
provinces. * * * IT sent letters of inquiry relating to this question 
to the graduates of our college, who studied especially about the 
parasitic fungi in our laboratory, and whose opinions I can trust. 
From Mr. Y. Takahashi, at Morioka, in Rikuchu Province, I received 
the following answer: ‘Peach curl is very prevalent in this town. 
Almost every tree is more or less attacked by the fungus. I saw some 
trees entirely attacked. At the end of summer [spring] all the dis- 
eased leaves fell to the ground and new leaves were produced.’” In 
the southern island, Kumamoto, a correspondent reported to Professor 
Miyabe that the disease had not been seen there by him. From Tokyo 
Professor Shirai, of the College of Agriculture, reports that he has 
not yet found the disease in that section of the main island. 

In China, as the writer is informed, peach leaf curl prevails to a 
very large extent, and the losses are probably considerable from this 
cause." | 

ORIGIN OF THE DISEASE. 


The country of origin of peach leaf curl is not positively known. . 
It was hoped that the inquiry as to distribution would develop posi- 
tive information respecting this point, but such has not been the case. 
That seedling peaches are remarkably susceptible to the disease, and 
that the Chinese Saucer peach is among those most subject to it, 
appears to indicate that the home of the peach is the source of the 
disease, and that the two may have come to us together from a com- 
mon point of origin. Recent studies have been constantly tending 
to reduce the number of species of plants once thought to be subject 
to curl. At present it is believed that it is confined almost wholly to 
the peach or its derivatives, as the nectarine and peach-almond. The 
exceptions to this, where the disease has been noted on the plum, 
almond, etc., are rare, and not sufficiently numerous or general to mate- 
rially affect the evidence that the peach is the natural host of the fungus. 
Thus far, however, it has been impossible to learn if the peach in the 
interior of China, its supposed home, is affected by this trouble, though 
in the coast regions it is said to prevail extensively. Such information 
as has been obtained from Japan indicates the recent introduction of 
the disease in that country, and that the United States is probably its 
source rather than the near-by continental coast. In Australia, how- 
ever, this may properly be questioned, for, as already mentioned, Mr. 


' Letter from Augustus White, Esq., forwarded April 3, 1896, through the kindness 
of Mr. Rufus 8. Kastlack, then U. 8. Deputy Consul-General at Shanghai, China. 
Mr. White says, in concluding his statements, that the Chinese, ignorant of the use 
of the knife in pruning, trust solely to an annual inspection of the trees at the time 
the blossoms set, when they carefully pick off all excess of fruit, and with it all 
diseased leaves, etc., but allow these to fall to the ground and remain under the 
trees to rot or reproduce the plague, as nature thinks best. 
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George Neilson, chief inspector under the vegetation diseases act of 
that colony, states that peach leaf curl has been known in Victoria since 
1856. This dates the presence of the disease in Australia back to a 
time when its importation from America to that country would be 
doubtful. Its European origin, however, may not be improbable. 

The severity of the disease in the gardens of China and the fact that 
the peach probably reached Europe and America from the East make 
it still desirable to learn if the trouble is prevalent among the wild or 
escaped peach trees in the interior of the Chinese Empire. 

It may be pertinent to state, in view of the fact that Darwin holds 
the peach to be derived from the almond, that none of the many widely 
cultivated varieties of the almond in California, either of local or for- 
eign origin, are subject to peach leaf curl, even when growing beside 
peach orchards denuded by it. Trees which are apparently the result 
of almond and peach crosses are somewhat affected, however, and sey- 
eral of the nectarines, which are derived from the peach, are quite 
subject to it. Seedling peaches, as stated, are very commonly attacked, 
but of some forty to fifty varieties of seedling almonds examined by 
the writer none has thus far shown the disease. 


LOSSES FROM THE DISEASE. 


The direct annual losses to the peach interests of the United States 
from peach leaf curl are very large, and are usually much greater 
than is suspected by the growers themselves, as the nature and action 
of the disease are misunderstood by them, and its effects frequently 
attributed to other causes. In case an orchard is so affected that it 
fails to hold the crop, or sets but a partial crop, the grower has but 
little ground for an opinion as to what the yield would have been had 
curl not prevailed, hence the estimates of losses made by growers are 
frequently very unsatisfactory. In case curl occurs after a severe 
cold spell in spring, as is quite commonly the case, the orchardist is 
apt to charge the loss of fruit to the low temperature rather than to 
the disease. The preventive spray work conducted by the Depart- 
ment has shown, also, that the loss estimates are nearly always too 
low. 

By preventing the disease upon a portion of the trees of an orch- 
ard the amount of injury sustained by the untreated trees has been 
determined most accurately by direct comparison. Such comparative 
work has now been conducted for several years in many of the leading 
peach-growing centers of the country, and these tests enable the 
writer to state that the losses sustained by the peach industry are 
probably not overdrawn in the following estimates: Of a large num- 
ber of peach growers who replied to a circular letter sent them in 
1893, there were 251, living in 35 peach-growing States and Terri- 
tories, who stated whether or not their orchards were affected by curl. 
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Sixty-three per cent of these (158 growers) reported that their 
orchards were affected, and 387 per cent (93 growers) reported that 
their trees had not been troubled by it. Of the 158 whose trees 
were affected, 66 per cent (104 growers), or about 42 per cent of the 
251 orchardists reporting on this disease, reported more or less loss. 
The growers who reported loss were residents of 21 States, and were 
scattered from the Atlantic to the Pacific. The losses sustained varied 
from a small amount of fruit to the entire crop, and in some instances 
many of the young trees were killed. Of the entire number of reports 
received as to the presence or absence of curl in the orchard of the 
grower, 93 came from States or sections of the country where little 
leaf curl prevails, as Texas, Delaware, Florida, Kansas, etc., so that 
the data should be strictly representative of the peach-growing coun- 
try as a whole. The replies received were from Alabama, Arizona, 
Arkansas, California, Colorado, Connecticut, Delaware, Florida, Geor- 
gia, Idaho, Illinois, Indiana, Kansas, Kentucky, Louisiana, Maryland, 
Massachusetts, Michigan, Mississippi, Missouri, Nebraska, New Jer- 
sey, New Mexico, New York, North Carolina, Tennessee, Texas, 
Virginia, Washington, and West Virginia. 

The amount of loss sustained by the 42 per cent of the growers 
reporting losses is given in the replies in various ways. Some 
growers have reduced their loss to dollars and cents; others have indi- 
‘ated the loss in percentage of crop; while still others have used some 
term, such as ‘‘slight” loss, ‘‘ small” loss, etc., as a reply to the 
inquiry. In estimating the true loss sustained by these growers a 
uniform system has been adopted. Where the loss has been stated in 
dollars the amount has been recorded as given. Where the loss is given 
in percentage of crop the cash loss has been determined from the basis 
used by the United States Census Bureau in determining the value of 
peach crops for the Eleventh Census. A full peach crop was valued 
at $150 per acre, and all portions of a crop at the same rate. Where 
the report of the grower was indefinite, the statement being that the 
loss was small, it has been placed at $2.50 per acre, which amounts to 
about 24 cents per tree as usually planted. It is probable that this 
is much below the average loss in such cases, as a loss so small as 
this would usually escape notice. In-all the calculacions in these esti- 
mates an effort is made not to overrate the loss. These calculations 
gave a loss to the growers averaging $10.95 per acre for the acreage 
reported as suffering from the disease, or 42 per cent of the full area. 
This 1s equivalent to about $4.60 per acre for the entire acreage, or 
about 4 cents per tree. At first thought this may seem high, but this 
is more apparent than real. If one 10-acre orchard loses its crop from 
curl, valued at $150 per acre, the loss amounts to $1,500. There may 
be 82 other orchards of 10 acres each all about this orchard where not 
a peach is lost, yet the average for such a district is the same as that 
stated. This is perhaps a clearer manner of putting the matter than 


LOSSES FROM THE DISEASE. 2] 


by placing an average loss for all orchards. ‘The loss may be viewed 
in still another manner. If an orchardist has grown peaches for 82 
years and lost only one crop during that time from leaf curl his loss 
for the third of a century will average as high as here calculated. 

There are large sections of the country where curl is scarcely known, 
as in portions of Texas. For such regions the preceding estimates may 
appear high. On the other hand, there are other prominent sections 
of the country devoted to peach culture where these estimated losses 
will certainly be far too low. 

If the preceding calculations and statements are accepted as fairly 
representing the situation throughout the country, the annual losses 
from curl in the United States may be approximated. The Eleventh 
Census reports the orchards of peach trees in the United States at 
that time (1889-90) as 507,736 acres, and from replies to our circular 
we are led to believe that curl was present in 63 per cent of these 
orchards and that 42 per cent sustained some loss from the disease. 

Most of the orchards included in the 42 per cent sustained only « 
slight loss, but a very small percentage sustained a heavy loss, some- 
times amounting to the entire crop. The average loss for the 42 per 
cent of the orchards is found to amount to $10.95 per acre, or about 
10 cents per tree, averaging the trees at 108 per acre. The total 
acreage of the country being 507,736, the loss should be calculated 
upon 42 per cent of this, or 213,249 acres, which gives a total esti- 
mated annual loss from peach leaf curl of $2,335,076. In this estimate 
no account has been taken of the great injury to the growth of trees, 
the injury to nursery stock, the death of young orchard trees, nor the 
loss to succeeding crops from the reduced number or quality of fruit 
buds on affected trees. There is also the loss arising from the culti- 
vation and pruning of unproductive orchards, which, if it could be 
determined, would probably bring the entire annual loss to the 
country up to $3,000,000 or more. 

Since 1893, when the investigation of this disease was undertaken 
_ by the writer, a very large amount of correspondence has been con- 
ducted with peach growers in all parts of the Union who have sus- 
tained losses from curl, and this correspondence has resulted in the 
accumulation of a large number of facts respecting these losses. 
These data, however, have not been drawn upon in the above esti- 
mates, as it might be claimed that they were from growers only who 
have suffered from the disease, and consequently would not fairly 
represent the industry as a whole—a claim which can not be made 
against the circular letter, the basis of the estimates, which was 
addressed to peach growers in general in all parts of the United 
States. In fact there appears to have been a larger percentage of 
replies received from sections of the country where curl is scarce 
than from the more affected portions. 


CHAPTER II. 
NATURE OF PEACH LEAF CURL. 


The study of the nature of plant diseases is intimately linked with 
the study of plant physiology, and the true science of vegetable 
pathology is largely, as Ward has defined it, the study of abnormal 
physiology. (Introduction to Hartig’s Text-book of the Diseases of 
Trees.) These facts become evident when studying the etiology of 
peach leaf curl and the conditions attendant upon its widespread 
development. The direct cause of peach leaf curl has long been 
known as a parasitic fungus, /zxoascus deformans (Berk.) Fuckel, 
but it is evident from a careful study of the disease that the injurious 
development of the fungus is distinctly correlated with special physi- 
ological phenomena of the peach tree itself. These conditions of the 
tree are in turn dependent upon such external influences as tem- 
perature, the humidity of the soil and atmosphere, and others. Such 
facts were foreshadowed by the theories advanced by peach growers 
as to the cause of the disease. Many growers have considered peach 
leaf curl as the direct result of excessive moisture and low tem- 
perature or sudden changes, and as these physical conditions cer- 
tainly have an important bearing upon the injurious development of 
the disease, they are considered together with the direct relations of 
the parasite to its host. However, too much stress can not be placed 
upon the fact that the fungus alone is responsible for the injury to the 
tree. Without the parasite not a leaf would curl nor a peach fall on 
account of this malady—in fact, no such disease would exist. This is 
shown by the work hereafter detailed. It is fortunate that the direct 
cause of peach leaf curl is a parasitic fungus rather than unfavorable 
atmospheric conditions, for the latter could not be controlled, while 
the control of the fungus has been found practicable, simple, and inex- 
pensive. 


PHYSICAL CONDITIONS INFLUENCING THE DISEASE. 


The influences of temperature, humidity, situation, soil, ete., upon leaf 
curl are often so well marked that they have frequently and in fact quite 
generally been mistaken for the active cause of the disease. Indeed a 
very large percentage of peach growers have maintained, to within the 
past ten or fifteen years, that sudden changes of temperature occurring 
in conjunction with wet weather are the sole cause of the curling and 
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loss of foliage. Notwithstanding the number of known facts to the 
contrary, there are even now many growers who retain this idea to the 
utter and needless loss of their crops. The writer has met men who so 
firmly believe that leaf curl is due to uncontrollable climatic influences 
that they would not consider other explanations, being unwilling to 
visit the orchard, though the crop was being lost through curl and 
by so doing future crops might have been saved. 

To gather the experience of peach growers in general respecting the 
conditions under which leaf curl develops most severely, a circular of 
inquiry was addressed to several hundred orchardists in November, 
1893. The replies to some of the questions are presented. Among 
the inquiries the growers were requested to state if they had observed 
the disease to be more prevalent after a cold spell in the spring. ‘To 
this question 97 replies were received, 89 affirmative, 6 negative, and 
2 growers said they had observed no difference, which shows that the 
orchardists are almost unanimous in holding that a cold spell in the 
spring favors the development of curl. 

To the second question, as to whether the trees were most affected by 
curl in a wet or dry season, there were 104 replies. Of these, 78 
stated that peach trees were most affected in wet seasons, 8 that they 
were most affected in dry seasons, and 18 that there was no difference. 
Here again is seen a marked agreement in the replies, a great majority 
of the growers recognizing that wet years favor the disease. 

The above-considered conditions—a cold spell in the spring and wet 
weather— may be explained by stating that such conditions favor, on 
the one hand, the serious development of the fungus causing the dis- 
ease, and, on the other, they result in a much greater susceptibility of 
the tissues of the peach leaves to the attacks of the parasite. Where 
both cold and rain occur together in the spring, about the time the 
leaves are pushing, the disease is liable to develop seriously and few 
varieties can then resist it. The action of wet, cold weather upon the 
tissues of the peach, making them much more subject to curl than they 
otherwise would be, has been considered in relation to other plants in 
a paper by Prof. H. Marshall Ward,' who says that when the combined 
effects of the physical environment are unfavorable to the host, but not so 
or are even Favorable to the parasite, we find the disease assuming a more 
or less pronounced epidemic character. He is not here speaking of curl, 
but the statement holds perfectly true for that disease. A cold, wet 
spell succeeding warm spring weather, has a tendency to saturate and 
soften the tissues of the peach, as in the case of other plants. The 
sudden checking of active transpiration, due to lowered temperature 
and saturated atmosphere, soon results in the tissues of the plant being 
suffused with water. ‘‘The stomata,” as Ward puts it, ‘tare nearly 


Ward, Prof. H. Marshall, The Relations between Host and Parasite in Certain 


‘Diseases of Plants, Croonian Lecture, Proc. Roy. Soc., Vol. XLVII, No. 290. 
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closed, the cell walls bounding the intercellular passages and the air 
in the passages themselves are thoroughly saturated with water and 
aqueous vapor, respectively, and the movements of gases must be 
retarded accordingly; turgescence is promoted, and the water contents 
accumulate to a maximum, owing to the disturbance of equilibrium 
between the amounts absorbed by the active roots in the relatively 
warm soil and those passing off into the cold, damp air; much more 
water is absorbed by the roots in the relatively warm soil than passes 
off as vapor in equal periods of time.” Further than this, Ward states 
that ‘‘the low temperature, feeble light, and partially blocked ven- 
tilation system have for a consequence a depression of respiratory 
activity and the absorption of oxygen generally.” This must givea 
lowered vitality and an accumulation of organic acids. The reduced 
light also leads to a decided reduction in the assimilative power of the 
leaves. ‘*The turgid condition of the cells, and the diminished inten 
sity of the light,” Ward says, ‘‘ will favor growth.” If this takes 
place, ‘tthe tendency will be for the very watery cell walls to become 
relatively thinner than usual, as well as watery, because the ill-nourished 
protoplasm does not add to the substance of the walls in proportion. 
This being so, we have the case of thinner, more watery cell walls 
acting as the only mechanical protection between a possible fungus and 
the cell contents.” , 
It is generally known that the conditions of moisture and shade, 
which are above shown as making the tissues of a host plant more 
tender and watery (more subject to fungous attacks), are also the 
conditions most favorable to the development of fungi. This holds 
equally as good for Hxoascus deformans as for other forms. In speak- 
ing of these conditions in relation to a fungus known as Botrytis, Pro- 
fessor Ward gives some generalizations equally applicable to Hioascus 
deformans in its relation to curl. He says that just those external 
climatic conditions which are disturbing the well-being of the green 
host plant are either favorable to the fungi considered or, at any rate, 
not in the least inimical to their development. ‘‘ Thus,” he says, ** the 
oxygen respiration of the fungus goes on at all temperatures from 0° C, 
to 30° C. and higher, and although we still want information as to 
details, experiments have shown that the mycelia flourish at tempera- 
tures considerably below the optimum for higher plants. Moreover, 
light, so indispensable for the carbon assimilation of the green host, 
is absolutely unnecessary for the development of the fungus. Then, 
again, the dull, damp weather and saturated atmosphere, so injurious 
to higher vegetation, if prolonged, because they entail interference 
with the normal performance of various correlated functions, as we 
have seen, and render the’plant tender in all respects, are distinctly 
favorable to the development of these fungi; consequently the very 
set of external circumstances which make the host plant least able to 
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withstand the entry and devastation of a parasitic fungus like Lo/ry//s, 
at the same time favor the development of the fungus itself.” 

The writer thinks, as the result of observations in the field, that 
FExoascus deformans is favored in both its entrance and spread within 
its host by the conditions which have Just been considered. It is a 
widely observed fact that leaf curl usually develops sparingly in a 
uniformly warm and dry spring, and it is also noticed that where 
infection has occurred a return of warm, dry weather, or even the 
occurrence of a hot, dry wind, will check the development of the 
fungus within the tissues. An infected leaf may fail to develop 
the spores of the fungus under such circumstances. The thin, satu- 
rated cell walls and the moist intercellular spaces thus appear to be 
closely correlated with the active vegetation of the fungus. The 
growth and consequent tenderness of the tissues is also important in 
this connection. Where soil, elevation of orchard, and atmospheric 
conditions are unfavorable to a saturated condition of the plant paren- 
chyma, the disease is not likely to run more than a short and feeble 
course. Soil and elevation are here considered with atmospheric con- 
ditions, for it is found that on the same farm a difference of elevation 
or soil mojsture may determine the degree of virulence of the disease. 
The influence of elevation may be of only secondary nature—that of 
maintaining a higher temperature—but its action on the disease is fre- 
quently well marked. Of 92 orchardists who expressed their views 
as to whether trees are affected by curl most on high or on low land, 
48 say that trees suffer most on low land, 14 on high land, and 30 
think there is no difference. While the majority claiming that trees 
on low land are most affected is not as large as some of the majorities 
obtained in replies to other questions, it represents over one-half 
the replies received to the question under consideration and is more 
than three times as great as the number who believe trees to be most 
affected on high land, hence is sufficient to establish confidence in its 
reliability, even if it were not indorsed by many published statements 
to the same effect. 

Mr. Thomas A. Sharpe, superintendent of the experiment farm at 
Agassiz, British Columbia, has made several comparative reports on 
the action of peach leaf curl on trees planted in the valley and upon 
the more elevated bench lands of the farm. A few brief statements 
from these reports should be of value in connection with the above 
statements.’ In 1892, Mr. Sharpe says, the peach trees suffered from 
a severe attack of leaf curl. ‘* Only 5 varieties of those planted in 
the valley escaped” the disease. ‘‘The trees planted on the bench 
lands did not suffer so much, and appeared to recover much more 
rapidly than those in the valley” (Ll ¢., p. 278). In 1893, it is said, 


1 See reports of experimental farms, Ottawa, Canada, for the years indicated. 
? ? « 
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the curl leaf in the peach and nectarine trees was worse than it had 
ever been before, the Malta being the only variety that was entirely 
healthy on level land. The varieties received from England and 
planted on the level land were just as badly affected as the others. 
The first and second bench orchards suffered alike with those on the 
level ground, but the orchard highest up, at an elevation’ of 800 feet, 
had no curl in any case, and the trees appeared to have suffered less 
from cold than those lower down (lL. ¢., p. 342). Mr. Sharpe says 
that in 1896, ‘tas heretofore, the trees on the upper benches, both 
nectarine and peach, escaped the curl leaf entirely” (I. ¢., p. 449). 
Again, it is said that ‘the peach crop on the level land this year [in 
1898] was almost an entire failure. The curl leaf was very prevalent, 
nearly every tree being seriously affected by it.” Relating to the 
orchard on the bench lands, it is stated that ‘‘ curl leaf did not affect 
the foliage there; in fact, it has never injured the foliage on either 
peach or nectarine trees on the benches over 300 feet above the 
valley” (I. ¢c., p. 403). These facts have an especial interest and 
value in that they were recorded by a single observer on one farm 
and during successive years and epidemics of curl, and they are in 
perfect harmony with the experience of a majority of the growers 
whose views are presented above. 

The soil may exert its influence by abundantly or feebly supplying 
the transpiration stream, in accordance with the degree of accessibility 
of the moisture it contains, to the root hairs of the tree. It may be 
said, however, that as leaf curl commonly develops at the beginning 
of spring growth or at the close of the winter’s rains, the soil will 
rarely be found so deficient in moisture as to greatly retard the devel- 
opment of the disease where other conditions are favorable. It is prob- 
ably equally true that the excess of water usually found in the soil 
in the spring is favorable to the special development of the disease at 
that season in its worst form. | 

Besides the influence of temporary excessive humidity of the atmos- 
phere upon leaf curl, which has already been considered, there are 
other atmospheric influences and relations of importance, which depend 
upon the local or general geographic, topographic, and climatic fea- 
tures of country. Some of these more prominent atmospheric 
influences may here be briefly considered, together with their most 
probable causes. 

Proximity to large bodies of water, whether salt or fresh, greatly 
favors the development of curl. The cause for this clearly rests in the 
resulting greater humidity and lower temperature of the atmosphere. 
Plants growing in a constantly humid atmosphere have normally more 
succulent and tender tissues than those growing in a drier region. ‘The 
reasons for this have already been alluded to for special cases of 
extreme atmospheric humidity and lowered temperature. Near large 
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bodies of water spring fogs commonly occur, and these lead to the 
increase of the atmospheric humidity at a time when the foliage is 
tender and growing rapidly, thus stimulating a development of curl 
almost annually and over wide stretches of country. Independent of 
fogs, the atmosphere about large bodies of water is also much more 
humid than in an inland region. Instances of the influence of large 
bodies of water on the general prevalence and frequent occurrence of 
curl in a region are found in western New York, near the shore of Lake 
Ontario; in Ontario, Canada, near Lakes Erie and Ontario; in Michi- 
gan along the shore of Lake Michigan; in California about the bay of 
San Francisco and at other points along the Pacific coast; in Washing- 
ton and British Columbia about Puget Sound; and in many similar 
situations in all portions of the world where the peach is grown. The 
writer believes, however, that the influence of large bodies of water 
upon the development of curl depends in part upon the normal spring 
temperature of the region, and likewise upon the source of the prevail- 
ing winds. Where the prevailing spring winds are from a dry, inland 
region instead of from the water, the atmosphere does not feel the 
influences of the latter. Moreover, where the spring temperature is 
high, transpiration may proceed normally even in the neighborhood of 
large bodies of water, and curl may not commonly prevail. 

In contrast to the influences of large bodies of water are those of 
neighboring dry and arid plains or desert regions. In the midst of 
such influences peach leaf curl can rarely attain to an epiphytotic 
development, and then only under special favoring seasonal condi- 
tions. The atmosphere is normally too dry in such situations to exert 
a predisposing action upon the host, and it certainly does not favor 
the serious development of the parasite. Exemplifying these condi- 
tions are large areas in Arizona, New Mexico, Nevada, Utah, Colorado, 
Texas, Kansas, and California. Little or no curl is reported from the 
more arid portions of these sections of the country, its absence being 
due, at least in part, to the influences here considered. 

Another of the broader influences affecting the general and perma- 
nent prevalence of curl over extensive regions is the normal annual 
rainfall. Comparisons of this kind must be made, however, between 
regions of approximately similar temperature. Under such condi- 
tions it may be said that the general annual prevalence of leaf curl 
increases with the increase of normal annual precipitation. Compari- 
sons of this kind can hardly be justly drawn in the Mississippi Valley 
or on the Atlantic coast, as the temperature conditions vary too 
greatly in those regions from north to south. On the -Pacitic coast, 
however, owing to the modifying influence of the Pacific Ocean, the 
temperature prevailing from Lower California to British Columbia, 
a distance of about one thousand three hundred miles, presents no 
such great variations as are found in a like distance from south to 
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north on the Atlantic coast, so that the relations of annual rainfall to 
the constant prevalence of curl may be more fairly decided. 

In the following remarks on this subject I have left out of consid- 
eration the temporary influence of exceptional seasons and, as far as 
possible, the special influence of local features. The subject should 
be viewed from the broad field above pointed out. In southern Cali- 
fornia leaf curl is not recognized as a generally prevalent and serious 
trouble, but there is evidence which shows that its prevalence increases 
from San Diego northward to the San Bernardino Mountains. The 
average annual rainfall varies from about 10 inches at the former place 
to 16 inches at Los Angeles, which is not far from the mountains. In 
the San Joaquin Valley the prevalence of curl increases as a whole from 
the south central portion toward Sacramento and the north. The 
average annual rainfall, which is 7 inches at Tulare, 9 inches at Fresno, 
11 inches at Merced, and 14 inches at Stockton, reaches 20 inches at 
Sacramento, about which center curl is quite prevalent. The average 
rainfall at Oakland is 23 inches, and curl is quite troublesome there. 
In the Sacramento Valley curl is frequently quite prevalent, and the 
rainfall varies from 20 inches at Sacramento and Chico to 34 inches at 
Redding. About Ashland, in southern Oregon, the rainfall is 23 
inches, and the disease is about as in the Sacramento Valley. Farther 
north in Oregon curl becomes decidedly more prevalent and injurious 
at the west of the Cascade Mountains, and increases as Portland is 
approached. The rainfall is 35 inches at Roseburg, 46 inches at 
Albany, and 49 inches at Portland. From Albany to Portland the 
peach industry has been greatly injured by curl, and on its account 
many growers in this region have considered peach culture a failure. 

Curl, it seems, was introduced into the central part of the Willamette 
Valley, Marion County, nearly half a century ago. Prior to that 
time the peach was successfully grown in that region in spite of the 
humidity of the climate. In the Patent Office Report for 1855, p. 
298, there is a statement of the situation in Polk and Marion counties 
from 1852 to 1855. This statement was from Mr. Amos Harry, of 
Farm Valley, Polk County, Oreg., and is of special interest in this 
connection. Mr. Harry says: ‘SThe peach in this county has been 
affected with a disease known as the ‘curled leaf,’ which threatens to 
destroy the trees. It made its appearance at Mill Creek, in Marion 
County, in 1852, and extended considerably on that side of the river 
(Willamette River) in 1853, but had reached most parts of the valley 
in 1854-55. Some trees seem to escape it much more than others, but 
if the malady increases for two years to come as it has for two past, I 
fear we shall come entirely short of this delicious fruit. Some think 
it is owing to cold, wet weather, and recommend shortening all the 
limbs usa remedy, and some experiments seem to favor this idea, 
Others think it is produced by an insect, and that no remedy will save 
the trees unless it can be applied to the whole surface of the leaves.” 
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The rainfall at Portland, as already said, is 49 inches, and curl is com- 
monly prevalent and severe. At Umatilla, east of the Cascade Moun- 
tains, but about the same distance north as Portland, the rainfall is 
only 10 inches, while on that side of the mountains the peach industry 


is extensive and everywhere prosperous, leaf curl being much less 


prevatent and of secondary importance. ‘This shows that it is not the 
distance north and the consequent lower temperature which makes curl 
more severe at Portland than at Los Angeles for instance, but that it is 
the excess of rainfall, for at the east of the mountains, near Umatilla, 
the temperature goes equally’as low or lower than at Portland, and 
curl is of little importance there. In the Puget Sound region peach 
culture has never developed extensively, the general prevalence of curl 
and its injurious action being one of the chief reasons. The rainfall 
is 50 inches at Seattle and 56 inches at Olympia. It is only 7 inches 
at Kennewick and 9 inches at Ellensburg, on the east side of the Cas- 
eade Range. The peach orchards of North Yakima and neighboring 
sections on the east side of the Cascades and near Ellensburg, where 
this rainfall is taken, are noted for their extent, thrift, and general 
health, and curl is not a serious trouble. This case is parallel with 
that of Portland, already considered. The rainfall at the west of the 
mountains is 50 to 56 inches or more, while at the east it is only 7 to 
9 inches. In the former region peach growing is not listed by the 
Washington Board of Horticulture as one of the horticultural indus- 
tries, but in the latter region the peach is a leading fruit, being 
extensively and successfully grown. The winter temperature east of 
the mountains should range fully as low where the peaches are grown 
as at the west of the range. The contrast in peach culture in the two 
situations results from the difference of rainfall, and the heavy rain- 
fall at the west of the Cascades results in a development of curl almost 
prohibitive to peach growing.' | 

In replying to a circular letter sent to the peach growers of Mary- 
land, November, 1893, Mr. T. C. Stayton, of Queen Anne, makes some 
statements which bear directly on the matter here considered and are 
of much interest as resulting from personal observation. After speak- 
ing of the conditions in Maryland, Mr. Stayton says: ‘I was in 
Washington State during the months of April, May, June, ete., this 
year, and I find they can not grow peach trees west of the Cascade 
Mountains or in western Washington, as that part of the State is 
called, as that is a very wet part of our country.” He adds that this 
was especially true in 1893, and continues: ‘‘About all the young trees 
that had been planted in that part of the State died from curl leaf, or 
so nearly so that they were worthless, but over in eastern Washington 
I did not notice any curl leaf, the climate being dry.” 


‘For a full and accurate account of the rainfall conditions prevailing on the 
Pacific coast, see Report of the Rainfall on the Pacific Slope for from Two to Forty 
Years, Washington, 1889; also other reports of the Weather Bureau. 
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Peach leaf curl appears to be more prevalent in late than in early 
springs. This is probably due to the lower temperature and greater 
rainfall usually accompanying the former. Of 80 growers who gave 
their experience in relation to this matter, 43 stated that curl affects 
trees most in late springs, 23 believed it affects them most in early 
springs, and 14 had noticed no difference. 

The question as to whether peach leaf curl affects trees most after a 
cold or warm winter was submitted to the growers, and of the 67 who 
replied, 27 stated that trees were most affected after a cold winter, 21 
that they were most affected after a warm winter, and 19 growers had 
observed no difference. 

The question of the influence of heavy dews on curl was also sub- 
mitted to the orchardists, and the views expressed in their replies 
exhibit a remarkable agreement, 47 out of the 58 expressions of 
opinion received stating that the disease is no worse after a series of 
heavy dews. To the writer it appears probable that these answers are 
in perfect accord with the facts. Heavy dews can exert but slight 
influence upon the tissues of the peach, as they occur at night, when 
transpiration from the leaf is largely checked by the reduced light and 
lowered temperature of the atmosphere, resulting in the stomata being 
nearly closed. With the return of light and warmth the dew evapo- 
rates with the resumption of transpiration, and can have but little 
influence upon the tissues of the leaf. It might seem that dew would 
have a direct action on the germination of the spores of the fungus 
and in that way lead to a serious development of the disease after one 
or more heavy dews. This view, however, is not supported by observa- 
tions either in the field or in the laboratory. In regions having little 
cloudy weather, with exceptionally clear sky, as in many portions of 
the Southwest, the heat of the soil radiates rapidly after sunset. In 
such sections of the country the days are hot and the nights cool or 
cold in comparison, the range of temperature between night and day 
being often considerable. In such regions dew is common and often 
heavy, but it is here that least curl occurs. 

telative to the action of dew on the germination of the spores of 
Exoascus deformans, it may be said that something more than dew is 
required for such germination. The writer has tested this matter 
most thoroughly, not only with dew, but with many forms of culture 
media at various temperatures and with varying supplies of oxygen. 
Brefeld has also shown that moisture alone is not sufficient for germi- 
nation, he having utterly failed to induce germination in a single instance 
after months of work with culture media in liquid form. Budding of 
the spores is easy to obtain in all liquids, and is more abundant and 
continuous in suitable nourishing cultures than in dew or rain water. 
Fifty-eight growers replied to an inquiry on this subject, 47 stating 
that the disease is no worse after a series of heavy dews, 7 that it 
is wovse, and 4 that no difference was observed. 
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THE FUNGUS CAUSING THE DISEASE. 


The fungus causing peach leaf curl, now known as /roascus deforinans 
(Berk.) Fuckel, is a member of the subfamily of fungi known as 
Eroascew. The Hroascew are low or simple Ascomycetes, or fungi bear- 
ing their spores in cases or asci. 
The classification of the H’roascew which now lays greatest claim to 
scientific permanence is that outlined in the recent writings of Sade- 
beck, who has given careful study to these forms.’ 
Of the five genera which he recognizes, only the last directly concerns 
us at this time, as it is to this genus (/roascus) that the peach curl 
fungus belongs, as well as numerous other species injurious to horti- 
culture. In considering this genus Sadebeck” has grouped thirty of 
its species according to certain characters of development. He recog- 
nizes the following characters of the genus: 
Exoascus Fuckel. 

A. The mycelium is perennial in the inner tissues of the axial organs. 
a. The development of the hymenium occurs only in the floral leaves of the 
host plant. Eight species. 
b. The development of the hymenium occurs only in the foliage leaves of the 
host plant. Seven species, including EF. deformans.* 
c. The development of the hymenium occurs upon the leaves as well as upon the 
fruits. One species. 


B. The mycelium is perennial in the buds of the host plant and develops only 
subcuticularly in the leaves. 


1Sadebeck, Dr. R., Die parasitischen Exoasceen, Hamburg, 1893, p. 48. 
Sadebeck recognizes five genera in the Exoascex, which he arranges and character- 
izes in the following manner: 
EXOASCEZ: Ascomycetes whose asci are not united in a fruit body. 

A. The asci arise as swellings at the end of the branches of the mycelial 

threads. 

1. Endomyces Tulasne. Four-spored asci, no conidia within the same; the sterile 
threads develop chlamydospores and oidia. 
2. Magnusiella Sadebeck. Parasitic. Asci with more than four spores; usually 
conidia formations in the ascus. Oidia and chlamydospores wanting. 

B. The asci take their origin from a more or less loose hymenium. 
3. Ascocorticium Bref. Saprophytic on bark. The ascus layers are arranged ina 
loose hymenium upon the mycelium. 
4. Taphrina Fries. Parasitic. Without perennial mycelium. In the formation 
of the ascogenous cells differentiations of material occur. Forming leaf spots. 
5. Exoascus Fuckel. Parasitic. With perennial mycelium. In the formation of 
the asci no differentiations of material appear. The subcuticular mycelium changes 
directly to ascogenous cells. Causing sprout deformations. 
*Sadebeck, Dr. R., Einige neue Beobachtungen und kritische Bemerkungen tiber 
die Exoascaceze, pp. 277,278, reprint from den Ber. d. deutsch. bot. Ges., 1895, 
Bd. XIII. 
3Dr. von Derschau has described the occasional fruiting of Evoascus deformans in 
the blossoms of the peach. The figures given by this author do not show the nor- 
mal development of ascogenous cells in the blossoms which are so common in the 
leaf blade of the peach. His figures show the asci as arising from lateral branches 
of a continuous mycelial hypha, and this mycelium is situated beneath the epidermal 
cells instead of between the cuticle and epidermis (Landw. Jahrb., Berlin, 1897, pp. 
897-901, and Table XLI). 
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a. The development of the hymenium occurs only in the floral leaves of the host 
plant. Three species. 

hb. The development of the hymenium occurs only upon the foliage leaves. Ten 
species. 

c. The resting mycelium extends intercellularly in the deformations of the leaves. 
One species. 

It may be seen under A #/ of this arrangement that /ioascus defor- 
mans is said to possess perennial mycelium, inhabiting the inner tis- 
sues of the axial organs, and that the development of the hymenium 
occurs only in the foliage leaves of the host plant. As will be seen in 
another part of this bulletin, it is perhaps a perennial nature of the 
mycelium of £2 deformans which makes it difficult to thoroughly rid 
an orchard of curl by means of spray treatment, but this matter 
requires further careful consideration. 

The synonymy of Hxoascus deformans (Berk.) Fuckel has been 
given by numerous writers. Sadebeck’ gives it as follows: 

Ascomyces deformans Berk. Intro. to Cryptogamic Botany, 1857, p. 284. 

Ascosporium deformans Berk. Outlines, 1860, p. 449. 

Taphrina deformans Tul. Ann. Sci. Nat., 1866, V. Sér., t. 5., p. 128. 

Exoascus deformans Fuckel. (a) Persice Fuck. Symbole Micolog., 1869, p. 252. 

This fungus has been very commonly observed and frequently 
described by botanists since Berkeley called attention to it in 1857. 
It has thus been known as the cause of curl for a little less than half 
a century. The peculiar behavior of peach foliage under its action 
has been observed by horticulturists, however, for a much longer 
time. The disease was well described in England in the early part of 
the present century. 

In spite of the very common appearance of Fixzoascus deformans 
upon peach foliage in peach-growing countries, the descriptive litera- 
ture relating to its life history is not free from conflicting statements. 
Several species of Azoascew have been confounded with this species 
in some instances, and subsequent writers have perpetuated the 
confusion. 

Some earlier writers believed this species inhabits a considerable 
number of host plants, thus resulting in the description and distribu- 
tion of several distinct species as Aixoascus deformans. ‘To avoid such 
confusion it would be best to confine remarks upon this species to the 
fungus as it develops upon the peach (Prunus persica L.), which if 
not its only host, is certainly its most common one. 

At least two modes of infection of the peach tree by xoascus 
deformans are said to exist—(1) by means of perennial mycelium, 
and (2) by means of the spores of the fungus. 

Sadebeck” is authority for the statement that the mycelium winters 
over in the youngest portions of the one-year-old branches of the host 


'Sadebeck, Dr. R., Die parasitischen Exoasceen, Hamburg, 1893, p. 53, 
*Tdem, 1. ¢. 


" 
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plant, and may be seen in the primary cortex, in the medulla, and in 
the medullary rays of the first shoots of each period of vegetation, 
but has not been observed in the soft bast. With the beginning of 
the new season of growth the mycelium, according to Sadebeck, 
extends into the leaves of the young shoots, penetrates first the inner 
tisstie of the leaves, and finally progresses to the development of the 
subeuticular hymenium. From what foundation of experimentation 
Sadebeck has arrived at these views respecting this particular species, 
Tam unable tostate, but he has given the outlines of his investigations 
upon other species.’ 

The facts given by De Bary” can not be cited here, for this work 
was done upon the Exoascus infesting the cherry tree, and which is 
now considered to be distinct from /. deformans. 

The general acceptance of the view that spring infection of the peach 
foliage is largely due to the extension of the internal perennial myce- 
lium into the new shoots and leaves from the shoots of the previous 
summer, has probably considerably retarded the progress of prevent- 
ive treatment. Pathologists have thought it improbable that any 
considerable amount of disease could be prevented after a tree was 
once generally affected, as the perennial mycelium, being internal, 
could not be readily reached by external sprays. Prillieux,*® writing 
in 1872, advises the gathering of the diseased leaves and the cutting 
away and burning of the diseased branches. Frank* has made like 
recommendations in both editions of his work on plant diseases. 
Assuming the mycelium to be perennial, he says that the curing of the 
disease might be aimed at through cutting back of the diseased branches 
and the prevention through quick removal of the diseased leaves. 
Winter’ suggests a somewhat similar line of treatment, with the 
additional recommendation that the trees be protected from rain 
during the unfolding of the leaves. Dr. Cobb,° as late as 1892, after 
speaking of the perennial mycelium of this fungus, discusses pre- 
ventive and curative measures, such as the destruction of diseased 
leaves, prunings, etc., while in the more severe cases he says the 
sooner the trees are cut down and burned the better it will be for the 
peach industry. 


lSadebeck, Dr. R., Die parasitischen Exoasceen, Hamburg, 1893, pp. 24-28. —Das 
perennirende Mycel der Exoascus-Arten. 

2 De Bary, A., Com. Mor. and Biol. of the Fungi, Mycetozoa, and Bacteria, Eng- 
lish edition, 1887, p. 266. . 

> Prillieux, Ed., Bul. de la soc. bot. de France, 1872, T. XIX, p. 230. 

*Frank, Dr. A. B., Die Krankheiten der Pflanzen, Breslau, 1881, Part II, p. 526; 
second edition, 1896, Vol. II, p. 250. 

> Winter, Dr. Georg, Die durch Pilze verursachten Krankheiten der Kulturge- 
wiichse, Leipzig, 1878, p. 47. 

®Cobb, Dr. N. A., The Agricultural Gazette, Sydney, New South Wales, 1892, Vol. 


III, pp. 1001-1004. 
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Relative to the use of fungicides the same writer says: ‘* These 
treatments are of doubtful value as far as the curl is concerned, and 
were it not that they are useful in other ways I would not mention 
them.” It is evident that these views are the result of Dr. Cobb’s 
belief that the perennial mycelium is responsible for the major portion 
of the spring infection of the tree. The writings of others to the 
same effect could be cited, but the views of the workers already named 
are sufficient to show that their recommendations for treatment have 
been based upon the hypothesis that the spring infection could not be 
prevented by treatment with fungicides, as it arose mainly from in- 
ternal mycelium rather than from the germination of external spores. 
That this view has held back the preventive treatment of the disease, 
as already claimed, can not be doubted, and that a perennial mycelium 
is not responsible for more than a very small percentage of the spring 
infections seems evident from the results of the present experi- 
ments; in fact it may even be questioned if such infection takes place 
except under exceptionally favorable conditions. Our experiments 
have demonstrated that as high as 98 per cent of infections may be 
prevented by a single thorough application of a suitable fungicide. 
This is as high a percentage of control as is often obtained in the 
treatment of fungous diseases where no perennial mycelium exists, 
and it seems probable that the infections by this means may not com- 
monly exceed 5 per cent of each spring’s infections. Were this not 
the case we would be forced to assume that the spray has a direct 
effect upon the hibernating mycelium, which certainly would be 
unusual and scarcely to be expected. 

The second mode of spring infection—that by means of spores—is 
probably much more general and important in this disease than has 
been supposed. That 90 to 98 per cent of the infections of the tree 
are prevented by asingle spraying suggests that at least such percent- 
age of the infections is by means of spores. 

The mycelium of /ixoascus deformans as found in the peach, shows 
great differences in the form and appearance of its hyphe. These 
differences depend upon the stage of development of the fungus and 
the various functions of the mycelium. The writer recognizes three 
types of hyphx, which may be termed vegetative, distributive, and 
fruiting. 

The vegetative hyphe are found most commonly in the leaf paren- 
chyma, but are also met with in the leaf stalk and cortical parenchyma 
of badly diseased and distorted branches. These hyphe may be most 
distinctly seen, and are most highly developed, in infested leaves which 
have not yet formed the hymenium of ascogenous cells, but in which 
the parasite has been present a sufficient time to entirely alter the 
character of the palisade tissue and cause the loss of the chlorophyll. 
In the leaf blade the palisade tissue first shows the serious action of 
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MYCELIUM OF EXOASOUS DEFORMANS, THE FUNGUS 
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DESCRIPTION OF PLATE II. 


Mycelium of Exoascus deformans (600/1). Figs. 1 and 2, normal vegetative hyphe, 
as found in the leaf parenchyma, showing characteristic septation, modes of branch- 
ing, ete.; figs. 3,4, and 5, usual type of distributive hyphz found in swollen branches 
in the cortical parenchyma and medulla; figs. 6, 7, 8, and 9, fruiting hyphe, show- 
ing successive stages in the development of ascogenous cells from the subcuticular 
mycelium (6) to the half-formed ascogenous cells (9). (See Pl. II] for further stages 
in the development of the ascogenous cells and asci.) 
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the vegetative hyphe, which are usually found somewhat later among 
the cells of the spongy parenchyma, below the vascular network. The 
loss of chlorophyll from the two classes of leaf parenchyma commonly 
preserves the order here given. The form of the vegetative hyphw is 
very irregular, and their elements, or cell members, are often of dif- 
ferent size, length, and shape. The cells vary greatly in diameter 
from one end to the other, are frequently much curved and twisted, 
and oftentimes appear triangular in cross section. The branches 
may arise from greatly enlarged triangular bifurcations, or in other 
instances directly frem the sides of the cells. These vegetative hyphee 
are all intercellular so far as observed, but are commonly found adher- 
ing closely to the cell walls of the host, frequently wrapping about the 
parenchyma cells. The walls of the hyphx are semitransparent but 
firm, commonly having a slight yellowish cast. The septa present 
peculiar characters. Two adjoining cells of a hypha have the appear- 
ance of being separately closed at the end and united with each other 
by means of an intervening plate, which if it should be dissolved or 
lost would leave the cells separated but closed. These peculiar septa are 
remarkably refractive and characteristic. They are well shown in the 
drawings of Sadebeck (Die parasitischen Exoasceen, Hamburg, 1893, 
Tab. Il, figs. 7, 8). The predominating characters of the vegetative 
hyphe are shown in PI. I, figs. land 2, of this bulletin. The hyphe 
there shown were carefully separated from the leaf parenchyma and 
drawn under the camera. The vegetative hyphe of the branch are 
much like those of the leaf, and have been seen most commonly among’ 
the looser parenchyma cells of the cortex just exterior to the bast fiber 
bundles. Thus far they have never been found by the writer in the 
eambial tissues. Sadebeck states that the mycelium has been found in 
the pith and medullary rays. 

The distributive hyphe are shown in Pl. II, figs. 3, 4, and 5. 
They have been found by the writer in the tissue lying close beneath 
the epidermal cells of diseased peach twigs, and in great abundance in 
the pith. They are occasionally found in groups of several hyphe but 
slightly separated from each other and following a course parallel to 
the longitudinal axis of the shoot. The cells composing these hyphe 
are much longer than either the vegetative or the fruiting forms, while 
they are nearly straight and of more uniform diameter. The septa 
are characteristic of those found in the other forms of the mycelium 
of this fungus. Such distributive hyphe have been followed for some 
little distance in the swollen portions of the peach twig, and the name 
has been given them from their apparent function of spreading the 
fungusin the branch. Such hyphe branch by bifurcation, the branches 
commonly assuming a course parallel to the parent hypha and the 
direction of the peach limb. 


36 PEACH LEAF CURL. ITS NATURE AND TREATMENT. 


The fruiting hyphe have been seen to arise in Hixvoascus deformans 
from the vegetative hyphe after the latter have become well developed 
in the parenchyma of the leaf. Large, well-nourished vegetative 
hyphe commonly develop just below the epidermal cells of the upper 
leaf surface.’ From these hyphz arise branches which penetrate 
between the cells of the epidermis, and press themselves between the 
epidermis and the cuticle. Such hyphe may be seen both in section 
and surface view. ‘These subcuticular hyphe now branch freely, and 
follow with more or less regularity the triangular space formed by the 
juncture of two adjoining and'somewhat rounded epidermal cells with 
the cuticle. This is presumably the line of least resistance to the 
advance of the hyphe. By opening and following these channels the 
mycelium assumes the outlines of aquite uniform network beneath the 
cuticle. While this manner of following the line of juncture of adjoin- — 
ing epidermal cells with the cuticle is common, it is not invariably the 
practice of the fungus, cases occurring where apparently no such 
agreement exists. Series of straight and parallel hyphe, at regular 
distances apart, are sometimes met with beneath the cuticle as the 
precursors of the hymenial layer. These send off lateral branches on 
either side, which by enlarging, branching, and curving eventually 
occupy most of the surface of the epidermis between the main hyphe. 
It is probable that the path followed by the first subcuticular hyphee 
depends largely upon the firmness with which the cuticle is attached 
to the epidermal cells, and which may largely depend upon the amount 
of water in the tissues and upon the age and rapidity of their growth. 
With the leaf tissues full of water and making a rapid growth, the 
hyphe could naturally pursue a more direct course beneath the cuti- 
cle than under contrary conditions. After the establishment of a 
much-branched filamentous network of subcuticular hyphe, the cells 
of which are usually slender, of medium length, thin-walled, and of 
comparatively uniform diameter (Pl. II, fig. 6), these cells begin to 
distend, and are shortened by the formation of new transverse septa 
(Pl. Il, fig. 7, and Pl. III, fig. 22). About this time all septa become 
much more distinct. At a later stage the cells become still more 
distended and subspherical (Pl. I], fig. 8). As these enlarged cells 


1 Miss E. L. Knowles (Bot. Gaz., Vol. XII, No. 9, p. 217) has called atten- 
tion to the fact that Winter’s statement that ‘‘the asci break through the lower 
side of the leaf’? does not hold good for the peach (Kryp. Flora, Asco., p. 6, and 
Krank. Kultur-Gewiichse, Leipzig, 1878, p. 47). Winter is not alone in stating that 
the asci of 2. deformans arise on the under surface of the leaves. Robinson says: ‘‘ The 
asci are borne on both sides of the leaf, but in greater numbers upon the lower sur- 
face’? (Robinson, B. L., Notes on the Genus Taphrina, Ann. Bot., Noy., 1887, Vol. I, 
No. 11, p. 168). Atkinson also says: ‘‘ The asci are developed on both surfaces of the 
leaf’’ (Atkinson, Geo. F., Leaf Curl and Plum Pockets, Cornell Agr. Exp. Sta. Bull. 
No. 73, 1894, p. 325). These and other like statements have probably arisen from a 
study of other foliage than that of the peach, and of other species of Hvoascus, and 
yave been perpetuated through insufficient reference to nature. 


DESCRIPTION OF PLATE III. 


Fruiting stages of Evoascus deformans. Figs. 1 to 18 (600/1), various stages and 
conditions of the asci and ascospores of the fungus. Fig. 14, section of peach leaf, 
showing subepidermal and subcuticular mycelium, the latter already partially dif- 
ferentiated into ascogenous cells. Fig. 15, section of peach leaf showing three suc- 
cessive stages in the formation of the asci from the ascogenous cells: a, the pushing . 
of the ascogenous cells; b, the ascus nearly full-formed, but with the contents still 
connected with the ascogenous cell; c, the asci separated by a septum from the ascog- 
enous cell, which now forms the stalk cell of the ascus. Figs. 16 to 20 (600/1), the 
first stages in the formation of the asci from the ascogenous cells, the latter being 
ruptured above and the asci pushing upward. Fig. 21, the pushing of a forming 
ascus through the leaf cuticle (600/1). Figs. 22 to 27 (600/1), various stages in the 
formation of ascogenous cells from subcuticular mycelium. (For several early stages 
in this process see PI. II, figs. 6 to9). Figs. 28 to 30 (600/1) show fully developed 
ascogenous cells as seen from above. 
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spread out between the epidermal cells of the leaf and the cuti- 
cle they are much distorted, curved, and lobed, the branches and 
lobes eventually filling, ina quite uniform and continuous manner, the 
entire space between the elevated cuticle and epidermis, so that a 
more or less perfect and continuous hymenial layer of ascogenous 
ceHs is formed (PI. II, fig. 9; Pl. ILI, figs. 28, 24, 25,26, and 27). At 
this time the cells become well rounded and heavy-walled, and they 
may or may not become loosened and separated from each other 
(Pl. III, figs. 28-80). These are now the fully developed ascoge- 
nous cells of the hymenium, and they are fully stored with nutritive 
materials for the development of the asci. In their compact, continu- 
ous, and rounded condition they resemble, when viewed from the sur- 
face, the stones in the pavement of an old Roman highway. 

The various phases of the development of the hymenium of ascog- 
enous cells may often be, observed at one time in a single infected 
leaf. The center of a swollen spot frequently shows the fully devel- 
oped hymenium, while at the margin of the spot the first filamentous 
hyphe are just spreading beneath the cuticle. In such instances 
nearly all stages in the development of the ascogenous cells may be 
studied in a single well-prepared specimen. The development of a 
subcuticular hymenium has been observed in the petiole as well as in 
the-blade of the leaf. 

The formation of the asci from the fully developed ascogenous cells 
has been carefully followed in the study of a large number of prepara- 
tions. Thus far no sexual phenomena have been observed in connec- 
tion with the formation of the ascogenous cells or with the develop- 
ment of the asci. As already said, the walls of the ascogenous cells 
are heavy. The early steps in the development of the asci from these 
cells (the development of a papilla-like elevation on the upper surface 
of the cells) cause the rupture or dissolution of the heavy wall where 
the elevation occurs. The phenomenon is that of the germination of 
a heavy-walled spore, or, perhaps, more properly, the outgrowth or 
prolongation of an endospore through the rupture of the epispore 
(Pl. II], figs. 17, 18, etc.). The fact to be noted is the perfect rest- 
ing condition into which the ascogenous cells may pass before the 
development of the ascus, as shown by the marked delimitation between 
the thin wall of the forming ascus and the heavy wall of the ascogenous 
cell. The entire isolation of single ascogenous cells or groups of cells 
from all sources of vegetative supply indicates that the ascus is 
entirely dependent for its nourishment upon the stored materials of 
the cell from which it arises. The pushing of the ascus after the com- 
plete development of the ascogenous cell instead of in direct con- 
tinuation of the development of the latter, also points to a probable 
cessation and renewal of the reproductive activity of the ascogenous 
cell. 
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In view of these facts, it seems possible that the ascogenous cells 
may be capable of enduring, under especially favorable conditions, a 
resting period of considerable time. Such resting ascogenous cells 
have been sought for upon the swollen branches of the peach, how- 
ever, without success. Further research along this line is desirable. 
As the fungus is already known to fruit upon the blade and petiole 
of the leaf and upon the blossom, and a vegetative mycelium is found 
erowing thriftily in the swollen branches, there seems to be no good 
reason why the parasite may not fruit upon the infected twigs. 

The perpendicular growth of the developing asci in the leaf soon rup- 
tures or pierces the cuticle, and where large numbers of asci develop 
at the same time the cuticle is lifted, torn, and lost, the asci forming 
a more or less continuous plush-like surface growth. Isolated asci 
press through the cuticle so as to form separate perforations (Pl. II, 
fig. 21). The contents of the forming ascus are finely granular, and 
as the ascus elongates these contents crowd into the upper portion and 
a septum is formed across the basal part in sucha manner as to cut off 
the now emptied ascogenous cell as a stalk cell for the ascus (PI. III, 
fig. 15). When fully developed the asci are usually broader at the top 
than at the base, and often somewhat clavate inform. A series of asci 
measured varied in length from 34 to 44 4, the average being 38 /<; the 
width of the asci ranged from 10 to 12 “, and the height of the stalk 
cells varied from 8 to 13 4, the average being slightly over 10 y (PI. 
ITI, figs. 1-18). 

The formation of the ascospores in Hxoascus deformans has not been 
carefully studied by the writer. Sadebeck has shown, however, for / 
turgidus, that mitotic nuclear division occurs in the ascus in connec- 
‘tion with spore formation (Untersuch. iiber die Pilzgattung Exoas- 
cus, Hamburg, 1884, Pl. III, fig. 20). The ascospores developed in 
the asci of 4. deformans vary in number from 8 to 8, the latter being 
the full and typical number. When mature they are surrounded by a 
moderately firm cellulose wall, which is rather inconspicuous, owing 
to its transparency. The spores are usually somewhat oval in form, 
being longer than broad, but occasionally some are seen which appear 
nearly or quite spherical. Fresh ascospores sometimes show distinct 
nuclear phenomena. This has been observed with spores still within 
the ascus, as well as in many which have escaped. -The nucleated 
appearance seems less common in budding or germinating ascospores 
than in those in a resting condition (PI. IV, figs. 1, 2, 3, 4, and 10). 
The average length of the ascospores measured was 7;% 4, the length 

rarying from 6 to 9 #4, and the average width was 6,°5 4, varying from 
5 to 7 mw. The ascospores escape from the ascus through an apical rup- 
ture of the latter. 

Germination of the ascospores has been observed by the writer to 
proceed in two ways: (1) By means of budding or conidia formation; 
(2) by means of stocky germ tubes, often one branched and resembling 
promy celia. 
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DESCRIPTION OF PLATE IV. 


Germination of the ascospores and conidia of EHxoascus deformans. Figs. 1 to 12 
(about 800/1), ascospores, of which five show nuclear phenomena and several are 
budding. Figs. 13 to 21 (800/1), thin-walled conidia, several of which are producing 
buds; the remaining spores, unnumbered, show various modes of promycelium 
formation or mycelial germination. 
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GERMINATION OF THE SPORES OF EXOASCUS DEFORMANS. 
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Budding of the ascospores occurs either before or after the escape 
of the spores from the ascus. In the formation of the bud conidia the 
process may take place from the ascospore direct, one conidium after 
another being produced, or the contents of the ascospore may pass into 
a thin-walled conidium nearly or quite equal in size to the ascospore, 
thisJarge conidium then assuming the function of bud production. 
Ordinarily the ascospore buds at one point only, but bud formation at 
two points has been seen. Budding occurs most commonly at one end 
of the ascospore, but occasionally lateral buds are observed. In the 
early stages of budding the ascospore sometimes shows a nipple-like 
swelling at one end, reminding one of the germinating end of the 
sporangium in the 2eronosporee. ‘The successive primary conidia bud- 
ding from an ascospore may become loosened and turned to one side 
by the following conidium, which swells from the same germ pore of 
the ascospore. In other cases several conidia may remain united with 
each other, but when this condition is observed it is frequently the 
result of the secondary or tertiary budding of the primary conidium, 
several orders or generations of buds remaining united. When the 
process of primary conidial budding can no longer take place the empty 
ascospore may or may not become separated from the last primary 
conidium. With the exception of the case above referred to, the dif- 
ferent orders or series of conidia (primary, secondary, tertiary, etc.) 
when grown in pure water, are each smaller than the preceding, and 
the conidia are considerably elongated in form, sometimes almost 
cylindrical. The walls of the conidia are more delicate than those of 
the parent spore. In asuitable nourishing fluid, as the extract of malt, 
the conidia take up nourishment and increase in size, thus enabling 
them to continue the budding process for considerable periods of time, 
as in the yeasts (Saccharomyces). Whether the conidia of Axoascus 
deformans are able to induce an alcoholic fermentation through their 
growth in saccharine culture media is not known, but Sadebeck states 
that the conidia of other species of this genus certainly possess this 
fermenting power. 

The second method of germination of the ascospore of _xoascus 
deformans, that is, the pushing of germ tubes, is rarely met with 
except upon the host plant itself. Such mode of germination is shown 
in Pl. IV. The germ tube produced from the ascospore is usually 
much swollen near -the spore and tapers considerably toward the 
extremity, though not infrequently considerable constrictions occur 
at one or more points in its course. It seems probable that this tube is 
in many cases capable of directly infecting the host, probably through 
astoma, as observed by Sadebeck in Hxoascus tosquinetii, and that its 
function is not wholly the abjointing of sporidia. Such separation of 
sporidia, in fact, has not thus far been observed. The germ tube, 
or promycelium, is connected with the spore by a very narrow and 
short tube, with straight and parallel walls. The same mode of con- 
nection is also observable in the formation of the bud conidia, and 
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reminds one of the sterigmata bearing the sporangia of Phytophthora 
infestans. 

Thus far efforts to induce filamentous germination of the bud conidia 
or of the ascospores of Hixoascus deformans in culture media have 
proved unsuccessful. Brefeld has worked with this problem for 
months, and the writer has frequently attempted to obtain this form 
of germination.’ Budding occurs, as already indicated, quite readily 
in various nutrient solutions, and short promycelia from the ascospores 
have been found in some cultures. In nearly if not all cases, however, 
the ascospores showing promycelia or short mycelial germination have 
shown that this germination occurred under natural conditions upon 
the peach leaf, the germinated spores being transferred from the leaf 
to the culture in preparing the latter. It may be added here that the 
bud conidia are also formed in vast numbers upon the surface of the 
infested leaf after the maturing of the ascospores. It is largely these 
conidia which give the infested leaf the marked white appearance 
commonly observed at the height of the disease. The leaf appears as 
if covered with flour or a heavy white bloom. — > 


RELATIONS OF THE FUNGUS TO THE HOST. 


Under a previous heading in this chapter the physical conditions 
which influence the serious development of peach leaf curl have been 
considered in accordance with the light which we now have relative to 
such influences, and there remain to be taken up at this time the more 
intimate and direct relations of the host and parasite. These relations 
include the action of the fungus upon the cell contents, the cell walls, 
and the cellular tissues of the host; the probable mode of infection and 
the spread of the parasite within the tissues; the wintering of the 
fungus upon the tree; ete. 


'A very considerable number of cultural experiments have been tried. The cul- 
tures of ascospores and conidia have been subjected to temperatures much below the 
freezing point and to various degrees of heat in the thermostat. Sudden changes of 
temperature have been tried. Increased and diminished amounts of oxygen, as con- 
trasted with that of the normal atmosphere, have been tested. Even a chamber filled 
with nearly pure oxygen has produced no apparent effect. Water from various 
sources, such as rain water, dew, ice water, distilled water, tap water, etc., has been 
tested. Solutions of the various sugars, malt extract, sterilized beer, plum extract, 
etc., were tried. Hanging drop cultures of various nutrient media and plate cultures 
of potato-peptone-sugar gelatin have not shown germination. Drops of various 
nutrient solutions placed upon newly forming leaves dissected from unopened peach 
buds and these held in moist chambers have given only negative results. The same 
is true for peach pits brought near to germination and the cotyledons treated with a 
weak solution of diastase, the spores placed between them and held at various tem- 
peratures in moist chambers. Sections of such cotyledons with spores placed upon 
them were also prepared in moist chambers. <A brief treatment of the spores with 
ether was tested without bringing about germination. 

Prillieux states that attempts to artificially infect the leaves or shoots have not 
thus far succeeded (Mal. d. Plantes Agr., Vol. I, p. 399). 


RELATIONS OF THE FUNGUS TO THE HOST. 4] 


Asalready indicated, the writer’s work with sprays seemed to show that 
not more than a small percentage of each year’s infections ordinarily 
arise from a perennial mycelium, In the Lovell orchard, where the 
personally conducted work was carried out, it would appear that not 


to exceed 2 to 8 per cent of the infections could have arisen from that 


cause: On the other hand it would seem that at least 05 per cent of 
the infections arose from spores, for, as already stated, 95 to 98 per 
cent of the spring infections could be prevented by a single spraying, 
and this was actually accomplished where the spraying was done with 
sufficient thoroughness. It is believed by the writer, however, that 
these percentages will vary within moderate limits in different locali- 
ties, with different varieties, and in different seasons. The following 
observations will explain these views. 

The mycelium of diseased leaves is found to be connected through 
the leaf petiole with the mycelium of.the infected limb. From the 
writings of Sadebeck and many others it might be supposed that the 
leaves were infected from the perennial mycelium in a majority of 
cases, and that the mycelium met with in the petiole of the leaf origi- 
nated from the perennial mycelium of the branch. That such spring 
infection really occurs from the wintering mycelium of the branch 
should perhaps be admitted, but that such is the common mode of 
infection of the leaves is certainly doubtful. The writer’s studies have 
shown that the mycelium in the branch close to a cluster of infected 
leaves diminishes in amount as it passes upward or downward in the 
branch from such leaves. This fact is as obvious from microscopic 
studies of the infested tissues as from the external hypertrophies 
observable to the eye. A macroscopic examination of diseased and 
swollen branches will show that the enlarged parts may extend upward 
or downward along the branch from the base of the petioles of the 
leaves, which seem to represent the center of infection. Ina majority 
of cases these swollen ridges terminate before reaching another leaf 
bud, though in some instances they are seen to extend along the branch 
throughout the entire length of one or more internodes, and in such 
cases it is fair to suppose that the mycelium may have infected the 
young leaves of a second or third bud in its course. It should be 
remembered, however, that this mycelium, in a great majority of 
instances, indicates no connection with a previous year’s mycelial 
growth, but has evidently just entered the branch from one or more 
infected leaves. The microscopic evidence supports these conclusions, 
which are, to some extent, in harmony with Benton’s observations, to 
be hereinafter considered, but the writer is scarcely prepared to admit 
the large percentage of spring infections arising from new mycelium 
entering the branch which the observations of that writer seem to 
imply. The microscope shows that the hyphx which pass away from 


1Pacific Rural Press, Aug. 2, 1890, p. 88. 
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the base of the leaf petiole gradually decrease in numbers as they 
recede from the leaves, and they appear to be wholly lost at a short 
distance from the point of entrance into the shoot. Asa rule, little or 
no mycelium has been found extending more than 1 or 2 inches beyond 
a point where external macroscopic evidence of disease exists. 

The preceding facts lead to the belief that where mycelial infection 
of foliage takes place from the branch it is usually done in the spring 
from hyphe arising from spore-infected leaves of the same season, 
and that this occurs only in comparatively few instances or in bad 
cases of disease. They also indicate that living perennial mycelium 
which succeeds in accomplishing spring infection, is comparatively 
rare. Badly infested and swollen branches are apt to die and dry out, 
thus affording no living tissue for the support of the infesting myce- 
lium. Such branches, even if living until the following spring, are 
not apt to produce much growth, and frequently produce none what- 
ever. Furthermore, the badly swollen mycelium-infested branches 
are comparatively few, and it is believed that the infested winter buds 
of these branches very rarely exceed 2 to 3 per cent of the total num- 
ber of buds upon the tree. Most branches appear to suffer from the 
disease only in an indirect manner, that is, by the fall of affected 
foliage. It seems probable to the writer, therefore, that the swollen 
branches, in which the swelling is apparent to the eye, constitute the 
true and almost exclusive home of the perennial mycelium, and there- 
fore supply the only possible source of spring infection by the win- 
tering hyphe, and consequently the only source of infection not 
controllable by sprays. This is in harmony with the results of wide- 
spread orchard treatment. All but 2 to 3 per cent of infections have 
been prevented by a single spraying. (See the results of work on 
half-sprayed trees.) That such spraying did not prevent the spread 
of the mycelium in the inner tissues of the host is shown by the fact 
that when it is delayed until the leaves have fairly started and have 
become infested, the treatment is ineffective and the disease will con- 
tinue to develop and both foliage and crop may be lost. It is not the 
checking of the spread of the mycelium from the branch to the new 
leaves, therefore, that results from spraying, but the prevention of the 
early spore infections from without; and as all but 2 to 3 per cent of 
the year’s infections may be thus prevented, all of such infections 
must be considered as arising from spores. 

The limitation of the perennial mycelium of /voascus deformans to 
the swollen branches or branch parts, as here held, is in harmony with 
observed facts respecting other species of Aivoascew. It is not under- 
stood, for instance, that trees developing witches’ brooms are infested 
in all their branches, but that the branch-infesting mycelium is limited 
in its distribution to those centers which develop the abnormal multi- 
plication of shoots, the swellings and other external manifestations 
of disease. (See Pls. 1, V, and VI, and descriptions, in connection with 


DESCRIPTION OF PLATE V. 


Terminal peach twigs badly affected by curl. The mycelium of the fungus has 
entered the growing end of these shoots, and the conditions being favorable, it has 
developed to such an extent as to prevent further elongation of the twig, thus form- 
ing a compact head, with greatly shortened internodes. It is in shoots of this char- 
acter that the mycelium is found, and its extent is nearly coincident, so far as © 
observed, with the swollen portions of the branch. Such swollen branches consti- 
tute a striking feature of the disease, but rarely involve more than 2 to 3 per cent of 
the buds of a tree. Specimens were collected at Santa Ana in the spring of 1899. and 
photographed natural size. (Compare with Pls. I and VI.) 
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PEACH TWIGS AND LEAVES AFFECTED BY CURL. 


The distributive mycelium of the fungus is found in such swollen branches. 


DESCRIPTION OF PLATE VI. 


Sprayed and unsprayed branches of Lovell peach trees in the experiment block at 
Biggs, as they appeared in 1895. The sprayed branches at the left show the large 
amount of fruit and healthy foliage on the sprayed trees; the unsprayed branches 
at the right have lost most of their foliage and all the fruit from curl. These 
unsprayed branches show the typical and common effects of curl. Hypertrophy of 
the branch is not shown, and it is probable that these branches carry little if any 
perennial mycelium. Thorough winter treatment of such branches with proper 
fungicides will prevent 98 per cent of the spring infections and conduce to the 
development of foliage and fruit, as shown on the branches at the left. All these 
trees were equally infected by the fungus in 1893, when the orchard suffered severely 
from curl, and had the branches at the left not been sprayed before the leaf buds. 
opened in the spring of 1895, they would have been in the same condition as those 
at the right of the plate. (Compare with Pls. I, V, and VII.) 
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the present remarks on infested and noninfested branches.) It seems 
probable, therefore, (1) that most of the spring infections of the peach 
occur from spores which have wintered on the tree and about the newly 
formed buds; (2) that most of the infected leaves fall off without 
infecting the branch which bears them; (3) that the mycelium of badly 
diseased leaves sometimes infects the branch through the leaf petiole; 
(+) that such mycelium after entering the branch may pass upward 
or downward, and in some instances may follow the branch for the 
length of one or at most a few internodes, and possibly infect one 
or two adjoining buds; (5) that badly infested branches usually die 
during the year, while in comparatively few instances they may sup- 
port a living mycelium capable of inducing spring infection of opening 
buds; (6) that most infected branches show by external hypertrophy 
the presence of the parasite, which may commonly be removed by 
pruning off the hypertrophied parts at a point a few inches below 
the swelling; (7) that seasons, atmospheric conditions, localities, and 
varieties may have a limited bearing on the extension of the mycelium 
in the branch and upon the amount of mycelium wintering in an 
active state, although the results of spraying in many parts of the 
country, continued for several years, have shown the variation in 
these respects to be confined within comparatively narrow limits. 

The direct infection of the peach leaf by means of the spores of 
Exoascus deformans has not been seen. The efforts made to observe 
the germination and penetration of the fungus have already been 
touched upon. One thing seems certain, viz, that under ordinary 
conditions this form of infection occurs at a very early period 1 in the 
development of the leaf, but evidently not before the opening of the 
leaf buds. Very young leaves are found to be already infected, but 
spraying just before the buds expand will prevent this infection, i. e., 
infection may be prevented by the treatment of closed buds, which 
would scarcely be true if a perennial mycelium were within. If we 
may judge by analogy, the germ tube of the fungus enters the leaf 
through a stoma. Sadebeck reports that such was his observation in 
Exxoascus tosquinetii, in which species the germ tube creeps for a short 
distance on the leaf surface, and then enters a stoma, much as in the 
germination of the conidium of Phytophthora omnivora. 

The major portion of the spring infection of foliage occurs while 
the latter is young and tender, but it is observed that new infections 
may take place for a considerable time if the various influencing con- 
ditions continue favorable to the fungus. These conditions act chiefly 
in suddenly retarding the transpiration of the host, and some of them 
have already been discussed. On the other hand, a short period of 
spore infection may be expected when external influences are such 
that transpiration is rapid and normal. The longer or shorter course 
of the disease in spring may be said to depend largely, therefore, upon 
the greater or less susceptibility of the tissues of the host, mostly 
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resulting from atmospheric influences. The injury which the fungus 
may do after infection is also dependent, where development of the 
fungus has not progressed too far, upon a very nice balance of the 
atmospheric conditions. Newly infected leaves may be greatly 
distorted and fall at an early date, or they may be only slightly 
injured by the fungus, according to the atmospheric conditions prevail- 
ing and their influence toward softening or hardening the tissues and 
moistening the intercellular spaces of the host. A few days favorable 
to the drying and toughening of the parenchyma of the infested leaf 
may entirely check the spread of the fungus. The action of the 
mycelium of /. deformans upon the tissues of the leaf and branch of 
the peach has been widely remarked. The hypertrophies of peach 
branches, due to this parasite, are as striking and characteristic as are 
the witches’ brooms caused on other hosts by various /ixvoascewe. In 
the case of the peach, however, there is rarely if ever any increase 
noted in the number of shoots, as upon the cherry, the hypertrophy 
manifesting itself in enlargements and twistings of the infested 
branch. There is often a great reduction in the length of the infested 
portion of the shoot anda shortening of the sntencaeee so that the 
approximated and enlarged leaves give a tufted or plumed appearance 
to the shoot. An examination of transverse sections of such enlarged 
shoots shows that the enlargement is due to a great increase in the 


number of cells of the cortical parenchyma, and frequently an entire ~ 


separation of such cells into a network or series of chainlike cells. 
The structure of the infested parenchyma is altered, the cells being 
enlarged and much more angular than normally, while the thickness 
of the tissue from the bast fibers to the epidermis is frequently eight 
or ten times as great as usual. The parenchyma cells lose the chloro- 
phyll and all matter which the eye can detect, becoming quite trans- 
parent. The cell walls vary much more in thickness than normally, 
some of them being heavier and others lighter than in healthy cells. 
Transverse and longitudinal sections of swollen peach twigs show that 
the pith cells are greatly injured along the course of the infesting 
mycelium. The location of the mycelium may often be detected by 
treating transverse sections with Bismark brown, the infested medul- 
lary tissue taking less stain than that not harboring the fungus. The 
walls of the healthy cells of the medulla become rexidiali brea while 
those of the infested tissue assume scarcely more than a light yellow 
or yellowish brown. ‘The cells of the infested tissue are also much 
more angular and irregular than those in which the mycelium does 
not exist, while in some instances the cells collapse. 

The action of 4. deformans on the tissues of the peach leaf has been 
considered by different writers, as Prillieux,' Knowles,” and others. 


Prillied, Ed., Mal. d. Plantes Agr., Vol. II, pp. 394-400; also Bull. de la Soe. 
Zot. de France, 1872, T. XIX, Comp. Rend. d’Sci., 3, pp. 227-280, 
“Knowles, Etta L., Bot. Gaz., 1887, Vol. XII, pp. 216-218, with plave 
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~The badly infested leaves become greatly increased in thickness and 
breadth and the weight is often much increased above the normal, the 
tissues become stiffened in a coriaceous or cartilaginous manner, the 
cell walls become greatly thickened, and the cells become more com- 
pressed. The cells of the palisade tissue are increased in size and 
numbeér, and suffer an entire loss of chlorophyll, as in the case of the 
cortical parenchyma of the branch. The walls of the epidermal cells 
become considerably thickened and the multiplication of the paren- 
chyma cells on either side of the midrib causes a pronounced gather- 
ing and distortion of these tissues. As the midrib does not elongate 
in proportion to the increased extent of the parenchyma, it acts as a 
gathering string passing through the leaf from end to end, and the 
parenchyma becomes folded upon itself. The increase in the number 
of cells occurs more extensively among the palisade tissue of the upper 
half of the leaf than among the cells of the spongy parenchyma of the 
under leaf surface; hence the majority of badly diseased leaves are 
convex above and concave below, though this appearance is often lost 
sight of, owing to the number and variety of folds which the leaf blade 
assumes. 
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CHAPTER III. 


HISTORY OF THE TREATMENT OF PEACH LEAF CURL. 


THE EUROPEAN SITUATION. 


That the present outline of the gradual development of methods for 
the treatment of peach leaf curl in the United States may be properly 
appreciated, it is desirable to first show the conditions prevailing in 
Europe as presented by some of the leading European writers on plant 
diseases. Prillieux, in an interesting paper on peach leaf curl, pre-_ 
pared in 1872, describes the fungus Hxoascus deformans and its action. 
on the tissues of its host.'. He states that the fruiting fungus should 
be looked upon as the center of infection, and that it is desirable to 
remoye the diseased leaves as thoroughly as possible and to destroy 
them. He also states that this work should be supplemented by the 
cutting off and burning of diseased branches. In 1878 Winter’ stated 
that the only way to prevent this disease is to destroy the fungus by 
‘arefully removing the affected leaves, and by protecting the trees from 
rain during the unfolding of the leaves, as rain favors the spread of the 
parasite. The same year Felix von Thiimen wrote of Lixoascus prunt, 
the fungus causing plum pockets and closely related to Aivoascus defor- 
mans of the peach,* but made no recommendations for its treatment. In 
1885, however, he again spoke of the plum pocket disease and pointed 
out that it can not be removed except by severe cutting back of the 
new and old wood of the affected trees.‘ In 1880-81 Frank, in the 
second volume of the first edition of his work on plant diseases, rec- 
ommends the cutting back of the twigs as a cure for leaf curl, and the 
quick removal of the diseased leaves for prevention.’ 

In 1886 the well-known work of Sorauer on plant diseases® appeared. 
The treatment recommended by this author is somewhat similar to 
that recommended by Frank. He says, in speaking in a general way 


'Prillieux, Ed., Bull. de la Soc. Bot. de France, 1872, T. XIX, pp. 227-230. 

Winter, Dr. Georg, Krankheiten der Kulturgewiichse, Leipzig, 1878, p. 47. 

*Thiimen, Felix yon, Die Pilze und Pocken auf Wein und Obst, Berlin, 1878, IL, 
Fungi Pomicoli, pp. 88, 89. 

‘'Thiimen, Felix yon, Die bekiimpfung der Pilzkrankheiten unserer Kulturgewiichse, 
Vienna, 1886, p. 71. 

5Prank, Dr. A. B., Die Krankheiten der Pflanzen, Breslau, 1880-81, Theil II, 
p. 526. 
_ ©Sorauer, Dr. Paul, Handbuch der Pflanzenkrankheiten, second edition, Theil IT, 
p. 281. 
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of the Hroascew, that it has been proved that the mycelium winters 
over in the youngest parts of the shoots and in the buds, and he 
recommends the removal of isolated slightly diseased leaves soon after 
the first appearance of the blister-like swellings. When through the 
attack of a majority of the leaves of a branch it is shown that the 
mycelitim is already present in the axial organs, it is advised that all 
of the young wood of the affected branches be cut off. Hartig de- 
scribed peach leaf curl in 1889," and again in the English edition of 
his work published in 1894,° but he leaves the subject without making 
any suggestions as to shoei aacr) In 1890 Dr. Kirchner published 
-a work on plant diseases,* in which he recommends the cutting off of 
diseased branches for the control of the disease. In 1891, Dr. Comes, 
in writing of this disease, states that no direct means for combating 
the parasite exists. He discusses the gathering and burning of dis- 
eased and fallen leaves, the cutting back of infected branches, and the 
application of cultural methods in their influence on the disease.‘ A 
most excellent work on plant diseases by Dr. Tubeuf appeared i 
—1895.° This writer groups the diseases caused by the Hxoascew among 
those maladies which should be combated by the removal of the 
diseased living plants and plant parts (pp. 86, 87). The second edition 
of Frank’s work on plant diseases appeared in 1896, fifteen years 
after the publication of the first edition, but the same recommenda- 
tions for the treatment of curl are again made, word for word.® In 
all the preceding works there is no recognition of the methods of treat- 
ment being adopted and discussed in the United States and in Aus- 
tralia. The recommendations for cutting away the diseased branches 
so generally presented are the same as advanced by Ehrenfels nearly 
_acentury before for the control of mildew of the peach.’ 

It is hardly necessary to say here what most orchardists have learned 
by experience, that is, that it is impossible to eliminate the disease by 
ordinary cutting back of the branches, and that in the orchard it is 
equally impracticable to prevent the disease by the early removal of 
the diseased leaves. 

About this time the work being done on this disease appears to have 
attracted the attention of Europeans. In 1894, in his work on vege- 
table parasites, Berlese recommends for this disease in Italy the use 


'Hartig, Dr. Robert, Lehrbuch der Baumkrankheiten, Berlin, 1889, pp. 118, 119. 
“Idem, The Diseases of Trees, London, 1894, pp. 132, 133. 

_ *Kirchner, Dr. Oscar, Die Krankheiten und Beschiidigungen unserer landwirt- 
schaftlichen Kulturpflanzen, Stuttgart, 1890, p. 324. 

4Comes, Dr. O., Crittogamia Agraria, Naples, 1891, Vol. I, pp. 167, 168. 

°Tubeuf, Dr. Karl Freiherr yon, Pflanzenkrankheiten durch kryptogame Para- 
siten verursacht, Berlin, 1895, pp. 86, 87, and 184. 

F Frank, Dr. A. B., Die Krankheiten der. Pflanzen, second edition, Breslau, 
1896, Bd. II, pp. 249, 250. 

* ithrenfela, J. M. Ritter von, Ueber die Krankheiten und Verletzungen der 
cht- oder Gartenbiume, ae 1795, p. 225. 
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of Bordeaux mixture in the spring, although he adds, as if doubting 
its utility, that the mycelium of the parasite winters over under the 
cortex of the branches." 

In France, in 1895, Prillieux published the first volume of a work 
on plant diseases, devoting several pages to the consideration of peach 
leaf curl.” In this work the recommendations for treatment appear- 
ing in his paper in 1872 are not given, but instead it is stated that 
treatments with the salts of copper seem sometimes to produce good 
results in preventing the multiplication by spores; but, as in the case 
of Berlese, he adds, as if in doubt of the value of such treatments, 
that they are without effect upon the perennial mycelium hidden in the 
tissues. 

By the year 1898 the true idea of the preventive treatment of curl 
had been grasped in Germany. Professor Weisz, in his paper on 
plant diseases,* published that year, cites the present method of con- 
trolling curl. After renewing the older recommendations to cut off 
and burn the affected twigs, he says that the trees should be sprayed 
with copper-soda or copper-lime solution (eau celeste or Bordeaux 
mixture), the first time Jefore the buds open. That these recom- 
mendations are not the results of work done by Weisz, however, 
appears probable, for his description of the disease is evidently quoted, 
as he falls into the error of Winter, Frank, Kirchner, and other 
writers in stating that the bloom produced by the fruiting of the 
fungus appears upon the under surface of the leaves. Had he worked 
upon this disease in the field he would not have been apt to follow 
the above authors in their erroneous description of the fruiting habits ~ 
of the parasite. } 


DEVELOPMENT OF THE PRESENT METHODS OF TREATMENT. 


The successful treatment of peach leaf curl dates from the time — 
when fungicides were first applied to dormant peach trees. So far as_ 
learned, this treatment was first practiced in California, being intro- 
duced by the winter application of sprays for the destruction of the 
San José scale (Aspidiotus pernictosus). 'This insect was first discov- 
ered in the Santa Clara Valley about 1870, but some time had elapsed — 
between the date of its introduction andthe use of the stronger winter 
sprays for its control. 

Caustic soda and potash were early tested against this insect, and 
afterwards sulphur was added, the sulphides of potassium and sodium — 
being used by many growers. Somewhat later whale oil soap and sul-— 


' Berlese, A. N., I Parassiti Vegetali delle Piante Coltivate o Utili, preface dated | 
1894, pp. 124-126. 
* Prillieux, Ed., Mal. d. Plantes Agr., Paris, 1895-97, pp. 8394-400. 
® Weisz, J. E., Die schiidlichsten Krankheiten unserer Feld-, Obst-, Gemuse- und 
Garten-Gewiichse, Munchen, 1898, p. 45. 
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phur were combined by boiling, and still later a caustic spray contain: 
ing lime was tested. All the above chemicals, even the milk of lime, 
were applied to dormant trees, and they are all known to possess sufli- 
cient fungicidal action to control peach leaf curl to a large extent if 
applied to the trees shortly before they bloom. 

While many growers were using these caustic and sulphide sprays, 
another spray containing much larger quantities of sulphur was being 
used, and proved of much greater power, both asa fungicide and insecti- 
cide. This was a spray containing sulphur and lime, or a sulphide of 
calcium, and the history of its introduction is of special interest and is 
inseparable from the early history of the treatment of curl. Mr. Alex- 
ander Craw, quarantine officer of the California State Board of Horti- 
culture, has published an account of the introduction of this spray ina 
recent number of the Pacific Rural Press,' but the following facts 
were gleaned from those who were the first to use and introduce the 
spray.” Mr. A. T. Covell, who first applied this spray to dormant 
peach trees, near Fresno, Cal., does not supply exact dates relative 
to the work, but Mr. N. W. Motheral, of Hanford, and Mr. I. H. 
Thomas, of Visalia, agree in placing its first use as a spray in the year 
1880 or 1881. The writer is informed by Mr. Motheral that the lime, 
sulphur, and salt solution was originally used as a sheep dip in Aus- 
tralia, where it was known as the ‘‘ Victoria lime-and-sulphur-dip” for 
scab. He states that it was recommended by a Dr. Rowe, and offi- 
cially indorsed for a sheep dipinthat country. This dip, it is also said, 
was introduced in California by Mr. Charles Hobler, of Hanford, and 
Mr. Hobler claims to have first recommended it to Mr. Covell, then 
living near Fresno, for the treatment of his infested peach trees. Mr. 
Covell disputes this claim, but holds that he (Covell) first used this 
solution as a spray upon his trees with success in the control of the 
San José scale. As soon as this spray was found to be a practical suc- 
cess, Mr. Covell, Mr. Thomas, and Mr. Motheral worked for its gen- 
eral adoption in the treatment of scale. Mr. Thomas states that he 
sprayed his own orchard the winter after seeing the action of the spray 
on Mr. Covell’s trees, and about this time the facts were given to the 
press. Mr. Thomas writes that this spray was in general use in and 
about Visalia as early as 1883, 1884, and 1885, and in Mr. Motheral’s 
section, near Hanford, at the same time. It may here be stated, 
however, that lime and sulphur had been united by boiling in water 
and used as early as 1852, at least in hothouses, for controlling the dis- 
eases of plants. (See Revue Horticole, 1852, p. 168, and Gardeners’ 
Chronicle, 1852, p. 419.) 


1Pacific Rural Press, July 29, 1899, p. 68. 
* Letters from I. H. Thomas, Visalia, Cal., Sept. 6, 1899; N. W. Motheral, Han- 
ford, Cal., Sept. 6, 1899; and A. T. Covell, Woodbridge, Cal., Oct. 13, 1899. 
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It will be seen by the preceding outline that strong fungicidal sprays 
were in general winter use upon pes ach trees throughout much of Cali- 
fornia in the years 1880 to 1885, during which time the peach or- 
chards of many portions of the State were badly affected by curl. Ina 
report by Mr. W. G. Klee, who inspected the orchards in many counties 
of California from July to September, 1886, it is stated that in Alameda 
County the cultivation of peaches must be confined to such varieties as 
are very little subject to leaf curl; in Santa Cruz County, that *‘ peaches, 
of course, are subject to curly leaf, and can not, as a general thing, be 
considered profitable;” and that in the Santa Rosa Valley the peach is 
‘*of course subject to curly leaf.”? 

As peach leaf curl was quite prevalent throughout California in 
1880-85, and as a large number of peach growers treated their dor- 
mant trees with fungicidal sprays during that period, it is not strange 
that they soon learned that the winter sprays prevented curl. Mr. I. H. 
Thomas, of Visalia, informed the writer’ that it was about the year 
1885 that he noticed that the orchards sprayed with the lime, sulphur, 
and salt solution were entirely free from leaf curl, while oniea ds con- 
tiguous were affected so badly that all the foliage fell off. 

In 1886 Mr. W. G. Klee said,* when speaking of an inspection he 
made of the orchard of Mr. A. Bleck, of Santa Clara, Cal.: ‘‘A treat- 
ment of peaches affected with curly leaf attracted my attention. Trees 
not subjected to this treatment were in very poor condition, while the 
others, favored with it, were in fine, healthy bearing.” Mr. Block says 
respecting this work‘ that he was making experiments for the destruc- 


tion of scale insects when he detected a perceptible difference in the : 


amount of curl on the treated and the untreated trees. He thinks 
this was one or two years before Mr. Klee had seen his trees in 1886. 
After having noticed the action of the sprays applied for scale in the 
prevention of curl, he went to work to ascertain what particular 
ingredient caused the prevention of the fungous disease. These direct 
experiments, Mr. Block states, were carried out on a row of 28 trees 
in his orchard. Among the chemicals tested were caustic soda, caustic 


potash, carbolic acid, tobacco, and sal soda, all more or less combined — 


with whale oil. Among the numerous sprays used, Mr. Block thinks 
that a strong solution of caustic soda gave the best results. All these 
sprays were applied while the trees were dormant. ° The stronger 


' Klee, W. G., Reports and Papers by the Thavies tor of Fruit Pests, read at Sacra- 
mento, November, 1886, Rept. Cal. State Bd. Hort., 1885-86, pp. 344, 347, 349, 390. 

2 Letter dated Visalia, Cal., Sept. 6, 1899. 

1 63,1 el « 

4 Letters dated Santa Clara, Cal., Sept. 1 and 10, 1899. 

‘It may be noted that whale oil soap was thus used by Mr. Block with success 
against curl in 1885 and 1886. Prof. L. R. Taft, in a letter dated Agricultural College, 
Mich., Aug. 31, 1899, says that he had good results in the treatment of curl with 


limewater, lye, and whale oil soap. (See also records of experiments by the’writer — 


with milk of lime, etc.) Mr. F. M. Webster reports satisfactory results with whale 
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caustic spray recommended by Mr. Block consisted of 1 pound of 98 
per cent caustic soda to 6 or 7 gallons of water. The same year, 1886, 
Mr. Sol. Runyon, of Courtland, Cal., reported that he had met with 
~ suecess in controlling a ‘* blight” of peach trees, the name of the dis- 
ease not being known to him. This blight had previously caused all 
the lefives to fall from every tree he had, especially the young ones. 
He used a caustic spray on the dormant tree,as did Mr. Block, and 
states that the trees which he treated were not affected by the blight 
~atall,while the untreated trees, right beside the treated ones, were 
badly affected.’ There is little doubt that Mr. Runyon was treating 
curl, as it is a very serious trouble in that section of the State. After 
the leaves had fallen in the autumn of 1886 and during the winter of 
1886-87, Mr. Runyon sprayed many of his peach trees with a spray 
composed of 2 gallons fish oil, 10 pounds of caustic soda (98 per cent), 
and 5 pounds of copper sulphate to 100 gallons of water. This spray, 
as applied, was certainly a preventive of curl, and as a portion of his 
peach trees were left untreated the contrast should have been marked. 
Unfortunately, however, I have been unable to get further details of 
this early work with copper sulphate, as Mr. Runyon is no longer 
living.* 

In November, 1888, Mr. W. G. Klee stated at the Chico meeting of 
the California State Board of Horticulture, that an experienced and suc- 
cessful fruit grower in San José had used successfully for the purpose 
of killing scale insects, the so-called sal soda and whale oil wash, and 
that he maintained that ever since he had been using that wash he had 
been free from leaf curl in his orchard.* Mr. Joseph Hale, of Stock- 
ton, Cal., reports * that he sprayed his peach trees, while dormant, in the 
years 1888, 1889, and 1890, as well as in subsequent years, and that as 
a result he sustained no loss from curl during these years. He used 
the lime, sulphur, and salt spray. Mr. G. W. Ramsey, of Lotus, 
Cal., states that he began spraying his orchard with lime, sulphur, 
and salt in 1890 or possibly in 1891. In 1895, in writing of his past 
spray work, he states that his trees had not been affected in the least 
by leaf curl since he had been using the above wash. He says: ‘‘It 
completely exterminated the scale the first two years I used it, but I 
continue to apply it to my trees once a year to prevent leaf curl.” He 
further states that this wash must be applied when the buds are dor- 
mant, and that it is generally applied in February in his section. 


oil soap (South Australian Journal of Agriculture, March, 1899, Vol. II, No. 8, p. 630) ; 
see also the results reported by Henry Rofkar and W. V. Latham & Son, of Catawba 
_ Island, Ohio, as reported by A. D. Selby, Bull. No. 104, pp. 208, 209, Ohio Agr. Exp. 
 Sta., March, 1899. 

Rept. Cal. State Bd. Hort., 1885-86, p. 221. 

2 Ibid., 1887-88, p. 93. 

* Rept. Cal. State Bd. Hort., 1889, p. 172. 

*Reply to circular letter of Nov. 25, 1893, 
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As early as 1890 the effectiveness of lime, sulphur, and salt against 
curl appears to have been observed in Oregon. Mr. J. D. Whitman, 
of Medford, Oreg., who was horticultural commissioner for the third 
district of that State, wrote under date of January 27, 1894, that four 
years’ observation as commissioner had demonstrated beyond a doubt 
that a spray of lime, sulphur, and salt is an effectual remedy for leaf 
curl. He states that the application in every instance was made for 
the purpose of destroying the San José or pernicious scale, and gener- 
ally on only a portion of the orchard, the other portion showing the 
curl as usual. 

The first practical experiments with copper sprays on dormant trees 
for the control of curl, after the sprays applied by Mr. Sol. Runyon 
in 1886 and 1887, were conducted, so far as learned, in the year 1890. 
The summer use of these sprays had been tested in Australia, and 
probably elsewhere, for several years, but with slight success in the 
control of curl. 

About the 1st of December, 1889, Mr. L. E. Benton, then of Berke- 
ley, Cal., wrote to the United States Department of Agriculture for 
information relative to the nature and treatment of curl. These inqui- 
ries were answered at length, the literature on /xoascus deformans 
being quite fully cited. No method of controlling this disease was 
then knownat Washington, and as winter spraying had not yet reached 
its present importance, the recommendations for treatment were nec- 
essarily inadequate, and were based upon the then accepted views 
respecting the strict perennial nature of the mycelium of the fungus, 
and the consequent difficulty of controlling the parasite by sprays. 

After gathering such information as he desired, Mr. Benton insti- 
tuted a series of spraying experiments in the university orchard at 
Berkeley in the spring of 1890. The work done by Mr. Benton, 
although limited in extent, was of the utmost practical importance, as 
well as of great theoretical interest. A summary of his results was 
published in August, 1890.1. Three copper sprays were tested, the 
ammoniacal copper carbonate, basic copper acetate solution, and Bor- 
deaux mixture. The ammoniacal copper carbonate was applied on 
February 28, 1890, before the opening of the buds. All three of the 
sprays mentioned were also tested soon after the leaves started. The 
results demonstrated that winter treatment of the trees with the salts 
of copper will effectively control the disease, but that summer treat- 
ment will not control it, and also that infection of the spring growth 
by perennial mycelium was the exception and not the rule with this 
disease—facts of the utmost practical importance for the orchardist. 
Mr. Benton’s studies likewise led him to the view that the mycelium, 
passing from infected leaves to the stem, is able to infect new foliage 


' Pacific Rural Press, Aug. 2, 1890. 
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by following close behind the growing point of the stem. His observa- 
tions seemed to point to this young mycelium, resulting from the first 
spring infections, as the source of the later infections through the 
branches rather than the perennial mycelium of the previous year. 
He says that not only does the fungus live in the leaf of the peach, but 
it at-6nce pushes its way into the young growing stem, following the 
growing point as fast as it lengthens and passing into the leaves as fast 
as they appear. On this account he concludes that no external appli- 
cations can stop such a fungous growth, and spraying after the buds 
burst and the fungus has become established will have little effect. It 
may be added that several years’ observation in large blocks of trees 
sprayed after the foliage had started has shown the writer that the dis- 
ease can not thus be controlled, and that Mr. Benton’s conclusions are 
correct. Whether this failure is due to the causes pointed out by Mr. 
Benton, however, or simply to the lack of the prevention of the infec- 
tion by spores, or to both sources of infection, should be given further 
study. Mr. Benton states that in the spring of 1890, the time his 
- experiments were undertaken, ‘*‘no remedy was known; since, some 
practical growers have found successful means of combating it, and 
these experiments now deserve no further credit than that they were 
intentional and not a matter of chance.” It is now known that curl 
had been controlled by numerous growers in widely separated regions 
in California through the use of various sprays many years prior to 
1890. Mr. Benton says he was unaware of these facts when he began 
his work, and his experiments are worthy of full credit, not alone for 
the enterprise shown in undertaking them, but for the results of 
unquestioned value to which they led. 

In 1891 the copper treatment for peach leaf curl was independently 
discovered and clearly demonstrated in Australia. The successful 
results of this work were observed in Nevember and December, 1891, 
and were published in the South Australian Register of March 30, 1892. 
Ata meeting of the Nuriootpa branch of the South Australian Agri- 
cultural Bureau, held in Angaston during November, 1890, the sub- 
ject of fungous diseases affecting fruit trees was discussed and the 
appointment of a committee to conduct preventive experiments was 
considered. Ata subsequent meeting Messrs. F. C. Smith, W. Sage, 
and A. B. Robin were selected for this work. During the interval 
before spraying, Mr. Smith corresponded with those in charge of the 
pathological departments in Australia, England, California, and Wash- 
ington. The report in the South Australian Register says that among 
the replies received was a series of valuable reports from Professor 
Galloway, showing that up to 1889 modified eau celeste, ammoniacal 
copper carbonate, and Bordeaux mixture had proved most successful 
in the United States. ‘These were therefore selected by the commit- 
tee for their experiments.” Mr. Smith, of this committee, informed 
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the writer that their work was based largely upon that of Prof. E. 8. 
Goff on Fusicladium.' 

The spray work was begun in July, before the trees leafed out, the - 
main object. being to control apple scab and the shot-hole fungus on 
the apricot. The sprayed apricot trees belonged to Mr. Trescowthick, - 
and were treated with Bordeaux mixture. In the block was one 
peach tree, which was sprayed when the apricots were treated. This 
tree had suffered severely from curl, so much so, in fact, that it had 
not borne for four or five years, but after spraying it yielded eight 
cases of fruit of 50 pounds each, or 400 pounds, the curl being almost 
entirely prevented. Mr. Smith writes, respecting this work, that 
when applying Bordeaux mixture from July to October, 1891, for the 
various diseases with which they were coping he had not the slightest 
idea that this or any of the fungicides would have any effect whatever 
on curl leaf, and the members of the committee were the more sur- 
prised to see its marvelous effects in January and February. ‘‘ It was 
the most conclusive of all our tests,” it was stated.” 

The work was continued the following season, and some contrasts | 
obtained on the place of Messrs. Sidney Smith & Son, of Yalumba, are 
of interest in this connection. In an article published at that time it 
is stated that the effects of spraying with Bordeaux mixture upon both 
peaches and apricots were very noticeable. On one side of the fence 
was seen a healthy set of trees, well clothed with fruit and dark green 
foliage, and with no curled leaves, while on the other side, where spray- 
ing had not been done, was a block of apricots, among which were a 
few peach trees very badly attacked by leaf curl. At this time the 
orchard of Mr. A. B. Robin, of Nuriootpa, secretary of the committee 
for experiments, was inspected by Mr. Molineaux, general secretary 
of the South Australia Agricultural Bureau, and by several prominent 
horticulturists, and was found to have a splendid crop of fruit, nearly all 
the apricot and peach trees having been sprayed. One peach tree had 
been sprayed on only one side with the Bordeaux mixture, and on this 
side the foliage was clean and healthy, while on the unsprayed side it 
was curled. ‘‘Here again,” says the reporter of this examination, 
‘‘was absolutely conclusive evidence of the preventive effect of spray- 
ing for curl leaf.” 

In the United States, in 1892, the use of both the sulphur and copper 
sprays on dormant trees was much more common. ‘The control of 
curl was a new discovery to several growers who had not heard of 
the published experiments. Mr. George Woolsey, of Ione, Cal., had 
been considerably troubled by ashot-hole fungus affecting peach twigs— 
a common trouble in the northern portion of the State. A bundle of 
the affected twigs was sent to Professor Woodworth, of Berkeley, who 


‘Letter dated Angaston, South Australia, Feb. 11, 1895. 
* Letter dated Angaston, South Australia, Apr. 6, 1895. 
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advised the use of Bordeaux mixture; but as this fungus is active in 
- the spring before the trees leaf out, Mr. Woolsey sprayed the trees while 
dormant. He says, in relation to his results, that he found Bordeaux 
mixture corrected the trouble with the twigs, and at the same time acted 
as a specific for the leaf curl.’ His work for the control of curl in the 
following year was strikingly conclusive as to the effectiveness of this 
spray. Mr. D. W. Sylvester, of Geyserville, Cal., conducted some 
spraying experiments in 1892 with the direct object of controlling curl. 
His spray was composed of 12 pounds of copper sulphate and 20 pounds 
of lime to 100 gallons of water, and was applied to the dormant trees. 
Mr. Sylvester states that having formed the opinion that the disease 
was of fungous nature, and knowing of the value of copper sulphate as 
a fungicide, he determined to test it against curl. He believed better 
results would be obtained by killing the ** germ” than by waiting until 
the disease appeared, and this, he says, induced him to make the appli- 
cation to the dormant trees. For the experiment he selected a row of 
10 trees, spraying 5 and leaving 5 unsprayed for comparison. He 
states that the 5 sprayed trees held their leaves and fruit and bore a 
crop, but the others shed every leaf and every peach, and for more 
than a month looked as if a fire had gone over them. In spite of this 
experience, Mr. Sylvester neglected to spray in 1893, when, he states, 
the trees shed all their leaves and nearly all their fruit through curl, * 
and adds that the best time to spray is just as the buds begin to swell. 
A portion of the peach trees on the Rio Bonito ranch at Biggs, Cal., 
were sprayed with the lime, sulphur, and salt spray in 1892, the spray 
being applied to the dormant trees as elsewhere. The contrast that 
season between the sprayed and unsprayed trees was well marked, the 
unsprayed trees being much affected by curl, while those treated were 
practically free from it. These observations were made at the time 
by Mr. McDonald, the foreman, and by others on the ranch. 

The preceding examples could be greatly extended if necessary, as 
winter spraying was a common practice in California after 1885. By 
1892 the San José scale had also become more widely distributed in 
Oregon, and was being quite generally treated by winter sprays in that 
State. Mr. A. H. Carson, of Grants Pass, Oreg., began spraying his 
orchard about this time. In reply to a communication sent to him 
November 25, 1893, Mr. Carson says that his knowledge as to the lime, 
sulphur, and salt remedy for leaf curl was gained by observing that 
trees on which this remedy was used to destroy the San José scale were 
not affected by curl, although they were varieties much subject to the 
disease. On the other hand, he states that unsprayed trees, with the 
same conditions as to exposure, altitude, etc., were badly affected. 
Mr. J. H. Stewart, of Medford, Oreg., writes that he sprayed his peach 


‘Letter dated Ione, Cal., Aug. 26, 1899. 
* Letters dated Geyserville, Cal., Nov., 1893, and Sept. 18, 1899. 
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trees in 1892.’ He says he used a spray in 1892, 1893, and 1894, 
which was effectual against scale and most fungi. This spray was 
composed of lime, sulphur, and sulphate of copper, and was applied 
in the winter. 

In the East, about this time, mildew, brown rot, black spot, rust, and 


curl were attracting the attention of peach growers and causing 


serious losses in some sections, and a good many growers were trying 
summer sprays for the control of one or more of them. Mr. F. P. 
Herr, of Ridgely, Md., writes” that for three successive years prior 
to 1895 he sprayed with limewater, Bordeaux mixture, and arsenical 
mixtures, and that everything he used produced absolutely negative 
results, except the arsenites, which injured both foliage and fruit. It 
would appear probable from these results that the sprays were applied 
too late to be effective against curl. Mr. L. B. Geiger, of Hoffman, 
Pa., writes® that he was formerly troubled with leaf curl m his 
orchard, but has had very little of late years. The reason of this, he 
thinks, is the fact that he has sprayed his peach trees with Bor- 
deaux mixture several times each year since 1892. He states that at 
least 75 per cent of the crop of one variety was thus saved. Whether 
the spray work was done in the winter, or whether, owing to the 


number of applications made, the summer spray persisted in its action _ 


through the following winter, is not known. 

It was in 1892 that Prof. L. R. Taft, of the Michigan Agriculturai 
Experiment Station, first obtained the idea that peach leaf curl could 
be controlled by the application of winter sprays. This gentleman 
has supplied the leading facts respecting his work.‘ He says: ‘‘ In 
1892 I was making a series of experiments with Bordeaux mixture 
and solutions of copper sulphate to learn the strength that could be 
used upon various plants and trees without injury. These materials 
were applied at different times, the sprayings being at intervals of 
about four weeks, from April to July, and while some trees received 
but one application, others were sprayed two, three, and four times. 
It was noticed, the trees sprayed in April with either copper sulphate 
or Bordeaux mixture had no curled leaves, while unsprayed trees and 
those that were not sprayed until June or July were seriously injured 
by leaf curl. 

‘* From the marked difference in the injury from the leaf curl to 
the sprayed and unsprayed trees, I felt very confident that the disease 
could be held in check to a large extent by the use of fungicides, and 
in writing Bulletin 92, in December, 1892 (published in March, 1893), 
I make the statement that ‘it is quite certain that the disease can be, 
to some extent, held in check by their use,’ in referring to the effect 


' Letters dated Medford, Oreg., Dec. 14, 1894. 

* Letter dated Ridgely, Md., Feb. 15, 1895. 

* Letter dated Hoffman, Pa., Mar. 18, 1895. 

‘Letter dated Agricultural College, Mich., Aug. 31, 1899. 
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of fungicides in preventing the development of leaf curl on peach 
trees.” 

It would seem that the work in Australia, as well as that of the pre- 
ceding ten years in California, had not come under the notice of Pro- 
fessor Taft at the time of his observations in 1892, and that the same 
was true at the close of the succeeding year’s experiments. In his 
article on curl, published in the American Agriculturist for February, 
1894, he says,' in speaking of the treatment of curl prior to his 
work in 1893: ‘‘Although there were some vague suggestions as to 
the possible value of some of the fungicides as remedies for this dis- 
ease, nothing was really known until the past season.” 

May 20, 1898, while working on plant diseases at Yuba City, Cal., 
in company with Mr. R. C. Kells, then horticultural commissioner of 
Sutter County, that gentleman told the writer of a peach orchard in 
the vicinity where peach leaf curl had been controlled by the previous 
winter’s sprays. The orchard was that of Mr. W. H. Campbell, of 
Yuba City, and was at once examined by the writer in company with 
Mr. Kells. The trees were of the Orange Cling variety, and had been 
sprayed with lime, sulphur, and salt up to the base of the smaller 
branches of the main limbs, for the purpose of killing the San José 
scale upon the older wood, the spraying of the tops of the trees not 
being necessary. The result of this treatment was to protect the 
lower half of the trees from the attack of curl, while the tops were 
left unprotected. Curl developed seriously in the Sacramento Valley 
that spring, and as a consequence these trees were badly diseased and 
stripped of foliage down to the line where the limbs had been sprayed 
for San José scale. The resulting appearance was most striking, and 
showed the advantages of spraying ina marked degree. The lower 
half of the trees was well supplied with normal green foliage, while 
the upper half was either bare or the leaves present were yellow and 
badly curled. Photographs of these trees were taken on May 21, 1893. 

May 22, 1893, the writer visited the Riviera orchard, at Live Oak, 
Cal. This orchard is situated on the Feather River bottom and is 
under the management of Mr. A. D. Cutts, of Live Oak, one of the 
proprietors. In this orchard was found a most striking case of the pre- 
vention of curl by the use of winter sprays. In the winter of 1892-93 
one block of trees was thoroughly sprayed for San José scale with lime, 
sulphur, and salt. After this work was completed the weather became 
unfavorable for further spraying. The soil was so wet from rains that 
a 40-acre block of Crawfords Late trees could not be sprayed, and it was 
so late in the winter before the work could be done that Mr. Cutts 
feared it might injure the fruit buds if he sprayed the trees entire. 
He therefore had the trees in this block examined, and rags were 
tied upon the limbs of those which appeared to most need a thorough 


1The Curl of the Peach, American Agriculturist, Feb., 1894, pp. 71, 72. 


58 PEACH LEAF CURL: ITS NATURE AND TREATMENT. 


spraying for scale. ‘These marked trees were scattered, here and there 
one, throughout the entire 40-acre block. In February the marked 
trees were very thoroughly sprayed over all parts, as much as two 
gallons of spray being applied to each tree. After this work was 
completed the entire block, with the exception of the trees already 
treated, was sprayed as high as the forks of the main limbs, thus 
avoiding any injury to swelling buds. As before stated, curl devel- 
oped seriously in the Sacramento Valley in the spring of 1893, and 
the result was that the unsprayed trees, as well as those sprayed 
only on the main limbs, were nearly denuded by the disease, while 
the scattered trees which had been sprayed throughout were in 
full and vigorous foliage and growth. In the writer’s notes upon the 
examination of this orchard on May 22, 1893, it is stated that the 
trees fully treated in this block were loaded with fruit and in full leaf, — 
while the trees sprayed only to the forks of the limbs were nearly bare 
and almost wholly destitute of fruit on the unsprayed parts. Such — 
fruit as was found on the unsprayed branches was inferior in size and. 
quality. It is further stated that the absence of fruit on the untreated 
branches as compared with the abundant yield of the treated branches 
gives such a striking contrast as to be almost beyond belief.* 

Mr. William N. Runyon, of Courtland, Cal., treated a large acreage of 
peach trees with lime, sulphur, and salt in the winter of 1892-93. He 
states that the trees sprayed once while dormant were practically free 
from curl, while trees of the same variety not sprayed were badly 
affected.” He also gives an observation of interest in connection 
with the habits of the fungus, and one since indorsed by the writer, 
that is, that the disease ‘* will not spread from an unsprayed to a sprayed 
tree.” In letters from Mr. Runyon? relative to this work, he 
remarks that although he had heard that a mixture of lime, sulphur, 
and salt was beneficial in controlling curl, he had no idea that the result 
would be so nearly a complete prevention. He says that it was only 
when curl leaf had become quite prevalent on unsprayed trees that 
he noticed its almost total absence on those that had been sprayed. 
The most striking instance, he states, was where about 50 three year 
old nectarine trees stood in rows adjoining about a dozen full-grown 
trees of the same variety that had shown curl for years. The young 
trees, not having shown any scale, were left unsprayed, and were a | 
mass of curl, while the old trees, which were given the regular treat- 
ment, were almost entirely free. In this orchard about 60 acres of 
peach trees were also sprayed, the work being done about the Ist of 


1For further notes and tabulated records of some of this work of the spring of 


1893 the reader is referred to Chapter VII under Notes on the Auxiliary Experi- — | 


ments in California. 
* Answer to circular letter of Nov. 25, 1898. 
® Letters dated Courtland, Cal., Jan. 31, and Mar. 8, 1894. 
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February, and 40 acres of young trees left unsprayed. Inthe Santa 
Clara Valley the sulphur sprays were in general use by the leading 
growers in 1893. Mr. A. B. Elder, of Santa Clara, writes, in reply 
to a circular letter of November 25 of that year, that this spray is 
- giving good satisfaction for the control of curl and ‘tis used by large 
growets of peaches.” Mr. John Rock, of Niles, Alameda County, 
Cal., writes, under date of December 28, 1893, that a mixture of lime, 
sulphur, and salt is a preventive of curl if applied before the flower 
buds expand. 

Bordeaux mixture was used in the winter of 1892-93, in the Carmel 
Valley, near Old Monterey, with the express purpose of controlling 
eurl. Mr. Daniel Snively, of Gubserville, Cal., writes’ that his 
_ brother used Bordeaux mixture for the control of this disease, and 
that its action is ‘so certain that any twig not touched is sure to 
eurl.” Mr. George Woolsey, of Ione, Amador County, Cal., sprayed 
his orchard with Bordeaux mixture in the winter of 1892-93, for the 
express purpose of controlling curl, and as a result of his experiments 
in the winter of 1891-92, to which reference has already been made. 
Relative to his work in the spring of 1893, Mr. Woolsey says” that he 
sprayed all of his apricot trees, but as time pressed he found that he 
would not be able to spray all of bis peach trees, so he sprayed the 
most valuable portion, i. e., the young lower growth, and left the top 
unsprayed. He states that the season of 1893 was damp, and leaf curl 
very prevalent in his neighbors’ orchards, but on his place all the 
trees and parts of trees sprayed were exempt, all the others being 
badly affected by curl and the crop on them almost a failure. A 
healthy growth on the lower sprayed part of the trees, and the branches 
denuded of foliage on the upper unsprayed part, formed ‘‘a most 
striking object lesson,” and, Mr. Woolsey adds, has made him ‘‘an 
enthusiast on Bordeaux mixture.” A few demonstrations such as 
he obtained in the season of 1893, he remarks, would convince the 
erowers of the profitableness of the work. 

Many peach orchards were sprayed in Oregon in the winter of 
1892-93. A favorite spray was a combination of the sulphur spray 
with copper sulphate, although the former was used separately by 
some growers. The object of the combined spray was to unite, as far 
as possible, the insecticidal qualities of the sulphur spray with the 
fungicidal qualities of the copper salts.“ The winter application of 
ammoniacal copper carbonate was tested in Oregon also, by Mr. M. O. 
Lownsdale, of Lafayette. In reply to the circular letter dated Nov- 
ember 25, 1893, Mr. Lownsdale says he had fair success in prevent- 
ing curl with lime, sulphur, and salt applied in the winter, followed 


‘Reply to circular letter of Nov. 25, 1893. 
*Letter dated Ione, Cal., Mar. 26, 1894. 
*See results of the tests of combined sprays made by the writer, pp. 84, 86, 117, 118. 
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by three applications of ammoniacal copper carbonate after the appear- 
ance of the foliage. He had better success, however, from ammoniacal 
copper carbonate applied in late winter, before the swelling of the 
buds, followed by three applications of a weaker solution upon the 
foliage. ‘* This,” he says, “‘was a complete success.” 

In Michigan the work in 1893 was very satisfactory. Mr. Charles 
Youngreen, of Whitehall, sprayed one row of peach trees before they 
leafed out in the spring. He states‘ that not one of the sprayed trees 
showed curl, while the unsprayed trees were all affected. The follow- 
ing year he sprayed the entire orchard and not a tree suffered from 
the disease. At Shelby, Oceana County, several growers sprayed 
with Bordeaux mixture with good success. Mr. R. Morrill, of Benton 
Harbor, stated at a meeting of the Michigan Horticultural Society 
held at Shelby, June 14 and 15, 1893, that he found there, in four or five 
cases, that men had sprayed peach trees with Bordeaux mixture, and 
the effect in decrease of leaf curl was plain to be seen.” Mr. Morrill 
fails to state, however, whether the first spraying was done while the — 
trees were dormant. The effects of curl at Shelby at that time were 
marked, the same gentleman remarking that in one morning he had seen 
enough damage done by it to pay for spraying all the orchards. within 
five miles. 

Professor Taft reports his work in 1893 as follows:* ‘*In order to 
secure definite knowledge upon the subject [treatment of curl], I 
arranged for a series of experiments, and in the fall of 1892 had a — 
number of peach trees sprayed with a solution of copper sulphate — 
(1 pound in 25 gallons), and in a similar experiment at South Haven 
Bordeaux mixture was used as soon as the leaves dropped in Novem- 
ber, 1892. During the first half of April, 1893, the same trees were 
again sprayed with similar mixtures, and other trees were treated that 
had not been sprayed in the fall of 1892. The result was that where 


fully 50 per cent of the leaves and all of the fruit dropped from the — : 


unsprayed trees, there was little injury to the same varieties that were 
treated in both fall and spring or that were sprayed only once, in 
April; but where they were not sprayed until after the leaves had — 
come out only a slight benefit was secured. The results were given 
in Bulletins 103 and 104 of the Station. On June 14, 1893, I gave the 


results, up to that time, at the meeting of the State Horticultural — 


Society.” 

The orchards of the Michigan Agricultural Experiment Station at 
South Haven, in charge of Mr. T. T. Lyon, had suffered severely from 5 
curl in 1890, 1891, and 1892.4. Mr. Lyon says, respecting the spray 


' Letter dated Whitehall, Mich., Sept. 6, 1899. 
* Rept. Mich. State Hort. Soc., 1893, p. 68. 

* Letter dated Agricultural College, Mich., Aug. 30, 1899. 

‘See Repts. Mich. Hort. Soc., 1890, p. 144; 1891, p. 228; 1892, pp. 160, 161. 
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work done in the winter of 1892-98,' that as the apparent result of 
the fall and spring sprayings, there was almost a total absence of leaf 
curl, although it had usually been quite prevalent there in early spring, 
and was present in 1893 in neighboring orchards, causing many of the 
leaves and fruits to drop. He says* further, that to him ‘the effect 
of the’spray upon leaf curl in particular was a revelation.” The work 
of Professor Taft in this orchard in 18938 was reported on several occa- 
sions during 1893 and 1894.° 

The work of the writer began in Michigan by the publication, in 
the fruit belt of that State, in the latter part of July, 1893, of notices 
of the work done in California,‘ and of requests for the names of 
peach growers who had sustained losses from this disease. In 
August, plans for experiments at Shelby and Ludington were in 
progress, and in November a circular letter, stating that leaf curl had 
been successfully prevented in California, was addressed to the peach 
growers of all the leading peach centers of the country. In this 
circular it was stated that ‘‘It is proposed to carry on during the 
coming season some work in different parts of the United States.” 
The circular reached many of the leading peach growers of Michi- 
gan. During the winter, that of 1893-94, plans for the testing of 
winter sprays for the control of curl were undertaken by growers, at 
ihe request of this Department, at Whitehall, Albion, Ganges, Beulah, 
Riverside, Benton Harbor, St. Joseph, Kalamazoo, Covert, Hawk- 
head, South Haven, Ludington, Shelby, Douglas, Millgrove, Custer, 
Amber, Mears, Hart, Gobleville, Ortonville, Monterey, Fenville, 
Saugatuck, Allegan, Wayland, Bradley, Peach Belt, etc. During the 
winter of 1894-95 the above list was greatly extended. Within these 
two years over 400 Michigan peach growers were sent full instruc- 
tions for controlling curl. Each grower was requested to make his 
tests according to an experiment sheet sent him, leaving unsprayed 
trees for comparison. In this way many striking object lessons were 
obtained, aiding materially in the early and widespread introduction 
of the methods of treatment recommended. Reports of a few of these 
experiments are given in a subsequent chapter. 

The Department’s tests in Ohio were instituted through a circular 
letter in November, 1893, announcing to a large number of peach 
growers in that State the successful treatment of curl in California, 
and stating that experiments would be undertaken in the East. Asa 
result of replies to this circular, full instructions for controlling curl 


'Mich. Exp. Sta. Bull. No. 104, pub. Feb., 1894, pp. 64, 65. 

* Letter dated South Haven, Mich., Dec. 16, 1897. 

| ’ Paper read at Shelby, June 14, 1893, Rept. Mich. Hort. Soc., 1893, pp. 66, 67, and 
_ 79; article in Allegan Gazette, July 1, 1893; Mich. Exp. Sta. Bull. No. 104, p. 64; pub. 
_ Feb., 1894; American Agriculturist, Feb., 1894, pp. 71, 72. 

 ‘4Ludington (Mich.) Appeal, issue of July 20, 1893, quoted by Shelby Sentinel, ete. 
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were sent to a number of orchardists in the peach-growing centers 
of Ohio in the winter of 1893-94. During this and the succeeding 
winter over fifty orchardists, located in twenty-five different peach- 
growing centers of the State, received carefully prepared instructions 
for winter spraying for curl. The instructions for both winters were 
planned in the usual manner of experimental work, a number of 
unsprayed or control trees being left for comparison with the trees to 
be treated with each spray to be tested. The object in thus planning 
the work was the same as for that in Michigan and elsewhere—that is, 
to obtain such striking contrasts between sprayed and unsprayed trees 
that they would form long-remembered object lessons for all who 
should chance to see them. 

The spray work of the Ohio Agricultural Experiment Station after 
1890 was quite extensive; but the treatment of peach leaf curl is not 
mentioned in the bulletins on orchard spraying published by that 
station in December, 1891, and February, 1893,’ although in the 
latter (Bul. No. 48, p. 12) the spraying of peach trees for other 
diseases is considered. In the spring of 1893, however, Prof. W. J. 
Green sprayed a considerable number of young peach trees, just 
planted, the object being ‘‘to determine the truthfulness of the 
statements that had been made concerning the effect of spraying upon 
peach trees.” In relation to curl, Professor Green says that he ‘‘ did 
not see any effect until the season of 1894,” during which and in 1895 
‘*there was some effect noticeable.” He says further, in this connec- 
tion: ‘‘I am aware that other work in this discon had been done 
before 1 commenced, because I received my suggestions from some 
other source, but I can not now recall the particular case.” (Letter 
dated September 30, 1899.) 

Upon these roams obtained by Professor Green, and supported by 
the work of Benton in California and Taft in Michicaat were based 
the subsequent experiments of Prof. A. D. Selby in the orchard of 
William Miller, of Gypsum, Ohio.” These experiments were begun, 
according to Professor Selby, in April, 1895,* but no results with 
leaf curl were obtained until 1896,* as in 1895 there was no difference 
between sprayed and unsprayed trees in the amount of curl developing, 
it being so insignificant as to be without evident effect. The curl 
which developed in 1896 enabled Mr. Selby to obtain some contrasts 
between sprayed and unsprayed trees, but these contrasts were not as 


‘Green, W. J., The Spraying of Orchards, Ohio Agr. Exp. Sta. Bul. No, 9, Dec., 
1891, Vol. IV, second series; Bul. No. 48, Feb., 1898, p. 12; and a letter from Pro- 
fessor Green, dated Wooster, Ohio, Sept. 30, 1899. 

* Letter from Prof. A. D. Selby, dated Wooster, Ohio, Sept. 13, 1899. 

*L. c.; also Ohio Agr. Exp. Sta. Bul. No. 92, March, 1898, pp. 237-245. 

‘Ohio Agr. Exp. Sta. Bul. No. 92, March, 1898 p. 245; also Thirtieth Ann. Rept. 
Ohio State Hort. Soc., pp. 87, 
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marked as they would have been had the disease developed seriously.’ 
As it was light in 1895 and 1896, no gain in fruit was shown by 
sprayed over unsprayed trees these years. In 1897 the work was con- 
tinued, and owing to the serious development of curl the desired 
contrasts in foliage were obtained. Unfortunately, however, the fruit 
buds had been killed by cold and no fruit records were obtainable. 
The first contrasts in fruit on sprayed and unsprayed trees in Mr. 
Miller’s orchard were reported to Mr. Selby in 1898, and they are 
both valuable and conclusive.” 

The announcement of the Department’s work on leaf curl was sent 
to the growers of peaches in Illinois, Indiana, and Pennsylvania at the 
same time that it was sent into Ohio and other States of the East, viz, 
in November, 1893; and during the winters of 1893-94 and 1894-95, 
135 peach growers in Pennsylvania, 81 in Indiana, and 36 in Illinois 
were requested to spray for the control of curl and report to the 
Department. A complete plan for these tests, control trees being 
provided for in every case, was sent to each of the growers. So far 
as reported, where instructions were followed, the results of this work 
were satisfactory in all cases where curl developed and where frost 
did not prevent the obtaining of results. 

Winter spraying for the control of curl began in New York, so far 
as known to the writer, in the winter of 1893-94, during which and 
the following winter over seventy peach growers of the State received 
from the writer full instructions for the treatment. These instruc- 
tions were sent out through personal correspondence with orchardists 
in over twenty of the peach-growing centers, and by means of care- 
fully prepared circulars. Among others, Mr. W. T. Mann, of Barkers, 
undertook spray work for the Department in the winter of 1893-04. 
Carefully planned experiments were carried out by him in his young 
orchard, the spraying being done on April 9, and before growth 
started, and alternate rows being left untreated for comparison. Mr. 
Mann reported the results of this work as satisfactory, and they are 
elsewhere given in this bulletin. Mr. James A. Staples, of Marl- 
boro, also conducted spray work for the Department in 1894, 1895, 
and 1896, and where the instructions were carried out respecting 
the time of first spraying his results were fully satisfactory. Prof. 
L. H. Bailey® reported the work of Mr. Henry Lutts, of Youngstown, 
for the spring of 1894; and Mr. A. D. Tripp, of North Ridgeway, 
reports excellent results from his work. 


1Ohio Agr. Exp. Sta. Bull. No. 92, pp. 246, 247. 

Ohio Agr. Exp. Sta. Bull. No. 104, March, 1899, p. 210; also Rept. Ohio State 
Hort. Soc., 1898, p. 138. 

* Bailey, L. H., Impressions of the Peach Industry in Western New York, Cor- 
nell Agr. Exp. Sta, Bull. No, 74, Oct., 1894, pp. 382, 383, 
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A bulletin of the Cornell Agricultural Experiment Station, by 
George F. Atkinson,' which appeared in September, 1894, treats of leaf 
curl and plum pockets. Respecting the treatment of leaf curl, Mr. 
Atkinson says that some experiments had been made in various places 
by spraying the trees with Bordeaux mixture for the prevention of the 
disease. Some of the experimenters regard it as certain, he states. 
chat the disease can to some extent be checked by this method, and 
adds: ** It is quite likely that, in some cases at least, another disease 
is confused with leaf curl, and this fact might account in those instances 
for the results claimed.” The doubts here expressed as to the results 
of the work in New York do not appear to have been supported by any 
field work of the station, and may have arisen from Mr. Atkinson’s under- 
standing of the perennial habits of the fungus causing the disease. 
There seems to have been no winter spraying for curl by the Cornell 
Station before the spring of 1898, and the results then obtained are in 
perfect accord with those obtained in 1894 by growers cooperating 
with the Department. In the spring of 1898 several experiments were 
instituted and carried out by B. M. Duggar and H. P. Gould. The 
results of this work are given in a bulletin by Mr. Duggar, published 
in February, 1899.” 

The efforts to control peach leaf curl by winter sprays in Canada, 
so far as concerns the work of the Canadian Government, appear t 
have begun nearly simultaneously in Ontario and British Columbia. 

At the experiment farm at Agassiz, British Columbia, the peach 
orchard had suffered severely from curl prior to the introduction of 
winter spraying. The superintendent, Mr. Thomas A. Sharpe, 
reported for 1892 that of the large number of peach varieties at that 
time on the farm—about 116—only 5 escaped leaf curl, and the attack 
was severe.” In the report for 1893 it is said that leaf curl was worse 
that year than ever before. Of about 129 varieties on the farm the 
Malta was the only variety on the level land that was entirely free.* 
In the spring of 1894 the trees were sprayed with strong Bordeaux mix- 
ture when the leaves were partly expanded, but no leaf curl developed 
that year, even the unsprayed orchards not being troubled by it.° 
It should be stated here, however, that the work done was too late to 
have given good results had curl developed, and that it did not properly 
constitute a preventive spraying. Whether this late spraying was 
owing to the nature of the season, or whether it was supposed that 
such treatment would control the disease, is not known to the writer. 


' Atkinson, Geo. F., Leaf Curl and Plum Pockets, Cornell Agr. Exp. Sta. Bull. 
No. 73, Sept., 1894, pp. 324-326. 

*Duggar, B. M., Peach Leaf Curl, etc., Cornell Agr. Exp. sia. Bull. No, 164, Feb., 
1899, pp. 377-384. 

3 Rept. Exp. Farms, 1892, p. 278. 

‘Rept. Exp. Farms, 1893, pp. 342, 343. 

° Rept. Exp. Farms, 1894, p. 404. 
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In 1895 Mr. Sharpe reports that the peach trees at Agassiz were 
sprayed with Bordeaux mixture before leafing out, and again when 
the leaves were nearly full grown. He states that the sprayed trees 
had very little curl, and made a very strong and healthy growth, while 
on a few unsprayed trees of several varieties the leaves were nearly 
all destroyed by curl, and the trees themselves made a very feeble 
growth." 

This treatment, so far as known, is the first successful experiment 
for the control of curl by the Canadian Government. Leaving con- 
trol trees for comparison added greatly to the value of the work, 
| which was also strengthened by the results at Agassiz the following 
year, 1896." The writer regrets to add, however, that unfavorable 
results attended the spray work at Agassiz in 1898.° The reasons 

for this failure are not apparent. 

In Ontario the early results were not so satisfactory as at Agassiz, 
owing to the nondevelopment of the disease in Ontario. Mr. John 
Craig, horticulturist of the Central Experimental Farm, at Ottawa, 
planned the Ontario work. He states that the work on peaches in 
1894 was planned to prevent the rotting of fruit and injury from 
‘insects, and that the first spraying was not given until May 1. Mr. 
-Craig’s work on leaf curl began in 1895, by the application of winter 
sprays,’ but owing to the absence of the disease that year no con- 
‘elusive results were obtained. Later work, I am informed by Mr. 
Craig, has given more conclusive and satisfactory results.° The vari- 
able results reported in Bulletin No. 1, second series, leads the writer 
to wonder, however, if the early spray work was done with suflicient 
thoroughness. Mr. W. M. Orr, of Fruitland, Ontario, met with very 
convincing and satisfactory results from winter spraying in 1898.7 
The same is true for the experiments of Mr. A. H. Pettit, of Grimsby, 
Ontario, who carried on work in 1898 and 1899, the results of the latter 
year, when one row of trees was left untreated for comparison, being 
very striking. ‘ 

The work of this Department in extending the use of sprays for 
the control of curl on the Pacific coast began in the spring of 1893. 
In the fall of that year a circular letter on the subject was addressed to 
many Pacific coast growers, and this was closely followed by requests 
that growers undertake preventive spray work in the winter of 


1Rept. Exp. Farms, 1895, p. 396. 

2 Rept. Exp. Farms, 1896, p. 449. 

3 Rept. Exp. Farms, 1898, p. 403. 

- ‘Rept. Exp. Farms, 1894, pp. 110, 111. 

_ 5Peach Culture in Canada, Bull. No. 1, second series, pp. 35-37; Central Exp. 
_ Farm, Dept. of Agr., Ottawa, Canada, Sept., 1898. 

 6Letter dated Ottawa, Oct. 7, 1897. 

| ; 7Canadian Horticulturist, Jan., 1899, pp. 18-20. 
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1893-94. During the winters of 1893-94 and 1894-95 the writer sent 
full instructions for preventing curl by winter sprays to over two 
hundred and seventy California peach growers, and requests to carry 
on spraying experiments, with similar instructions, to more than one 
hundred growers in Oregon, and to many in Washington. In all of 
this work for the extension of spraying an effort was made to intro- 
duce it in as large a number of leading peach-growing centers as pos- 
sible, especially in those sections of the coast where leaf curl had been 
most prevalent. The results of some of these experiments are given 
in Chapter VII, and the facts gathered and experiments conducted under 
the direct charge of the writer in 1893, 1894, and 1895 are detailed in 
full in other portions of this bulletin, and require no discussion here. 


CHAPTER IV. 


PLAN OF PREVENTIVE SPRAY WORK CONDUCTED BY THE 
DEPARTMENT. 


PRELIMINARY PLANS FOR THE WORK. 


The partial control of peach leaf curl in the spring of 1893, in a few 
orchards of the Sacramento Valley in which the trees had received a 
winter spraying for the control of the San José scale (Aspidiotus per- 
niciosus), showed to the writer the importance of conducting careful 
experiments for the prevention of curl. As a foundation for experi- 
mental work a circular of inquiry was sent to some 1,500 peach growers 
of the United States in the fall of 1893. The facts thus obtained were 
of much value, but the general lack of accurate knowledge respecting 
both the nature and control of the disease, as well as the heavy losses 
reported from this cause in different sections of the country, strikingly 
emphasized the need for widespread and thorough preventive experi- 
ments. 

After careful consideration it was concluded to inaugurate two series 
of experiments. The first, which had been planned before the sending 
out of the circular, was to be conducted in California under the direct 
supervision of the writer, and the second, planned somewhat similarly, 
though on a more limited scale, was to be carried out by the growers 
themselves in various peach-growing sections of the country. The 
personally conducted work is described here, while the results of the 
cooperative work are given farther on. 

Observation and correspondence had already shown which sections 
of California were most subject to frequent and serious recurrences of 
_thedisease. Facts thus gathered led to the opening of correspondence 
with Mr. George F. Ditzler, the manager of the Rio Bonito orchard, 
situated in the Sacramento Valley, in the bottom lands of the Feather 
River, near Biggs, Cal. This orchard is the property of the Hatch & 
Rock Orchard Company, and comprises some 1,600 acres, several 
hundred of which have as fine peach trees as any in the State. Among 
the varieties of peaches in this orchard is a large acreage of Lovell 
_ trees. The Lovell, it was learned, while presenting as thrifty growth 
as any variety in the orchard duri ing years when curl did not prevail, 
had been especially subject to it in seasons favorable to its develop- 
ment, the crop of this variety, which would amount to several 
67 
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thousand dollars, having been largely lost in 1898. After a brief 
correspondence Mr. Ditzler kindly offered to allow the Department to 
select from the orchards of Lovell peaches a block of several hundred — 
trees of exceptionally uniform and vigorous growth and especially 
suited to the purposes of the experiments planned, and no finer or 
more uniform block of trees has ever been seen by the writer than — 
that eventually selected and assigned to this experimental work. It 
consisted of nearly 600 trees at the southwest corner of a 40-acre block 
of Lovells, and was nearly level. The soil was sandy loam—deep, 
rich, and almost uniform in quality. The trees had been set in 
orchard less than five years, were 25 feet apart each way, and had 
grown so vigorously that before pruning the branches met between 
the rows in many cases, thus presenting tops of exceptional size for 
trees so young. 

The experiments planned included a rectangular block of the orchard, 
20 trees wide from east to west by 29 trees long from north to sontil 
The tract selected was 500 feet east and west by 725 feet north and 
south, or nearly 8% acres in extent. At the south of these Lovells is 
an almond orchard of the same age; at the west a young apple orchard. 

Through the center of the experiment tract, extending from south 
to north, was planned a driveway, thus dividing the trees into two long 
ae blocks, each block being 10 trees wide from east to west, 

and 29 trees long from north to south. Each cross row.of 10 trees was: 

numbered. The south 10 trees, forming the south east-and-west row 
on the east side of the driveway, was designated 1; the second row 
from the south, 2; the third row, 3; etc., the north row on the east 
of the driveway being row 29. On the west of the driveway the 
south row was 30, the second row 31, etc., the north row being 58. 
This arrangement gave 580 trees, divided into 58 rows of 10 trees 
each, one-half of these, rows 1 to 29, being east of the driveway and 
the other half, rows 30 to 58, west of the same. This arrangement _ 
may be fixed more clearly in a mind by the diagram on page 69. 

This diagram, in addition to showing the arrangement of the rows, 
as already described, is planned to represent and distinguish the 
rows which were to be treated with sprays from those which were to 
be left untreated as check or control trees in each experiment. ‘The ~ 
trees of the rows to be treated are represented by a star (*) and the — 
trees to be left unsprayed are shown by a circle (°), with the exceptions — 
to be noted. It may thus be seen that each row of 10 trees intended 
for treatment has at its side 10 untreated trees as a check or control — 
row. With the exception of rows 29 and 58 each control row serves — 
for comparison with two sprayed rows, one on either side. This | 
method of contrasting each control row with a sprayed row on either 
‘side admitted of the planning of 38 experiments in the block of 58 
rows, each experiment comprising 20 trees—10 sprayed and 10 
unsprayed, in two immediately adjoining and parallel rows. 
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After locating and numbering each of the 88 experiments to be 
tested the block was carefully examined to determine if any of the 
_ trees were missing or so injured as not to represent entire trees. ‘The 
results of this examination are also embodied in the plat. © Where 
trees were missing the fact is shown by a cipher (0) in the place of the 
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7 * Sprayed in 1894 and 1895, except where noted. 

Ea © Unsprayed in 1894 and 1895. 

pepeayed i in 1894 and left unsprayed in 1895. 

| tree, but it was found that only two trees, both from row 39, were 
wanting in the block. The cross (++) in row 35 represents a nectarine 
tree, omitted in results of work. In cases where main limbs had been 
broken off or the tree otherwise injured, the proportion of the tree 
remaining is expressed in numerals, i. e., 8 in the place of a tree indi- 
cates that the tree was eight-tenths perfect, 5 that it was five-tenths 
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perfect, etc. As will be seen, however, there were very few imperfect _ 
trees. 

In all the following calculations of fruit, etc., these few discrepan- 
cies in the number of trees are carefully taken into account in arriv- 
ing at results intended for comparison with other rows. The amounts 
produced by the trees of each row are first divided by the number of 
trees actually in the row to obtain the average per tree, and this 
amount is multiplied by 10 to obtain the amount a full row would 
yield at the given average. By reference to the plat it may be seen 
that the trees and parts of trees missing amount to but 5.8 equivalent 
trees for the entire block, that 51 of the 58 rows have the whole com- 
plement of 10 perfect trees, and that the missing trees or parts of 
trees are divided among the remaining 7 rows. 


SPRAY WORK CONDUCTED IN 1894... 


The spray tests conducted in the Rio Bonito orchard in 1894 
included the application of sprays prepared according to 38 different 
formule, making 38 distinct experiments. Each experiment included 
two adjoining rows of 10 trees each, one sprayed and the other 
unsprayed for comparison. Of these 38 experiments 11 involved two 
sprayings of the trees treated and 27 a single treatment. All treat- 
ments were made during the dormant period of the trees and varied 
in date from February 1 to March 6. The consideration of the 
preparation of sprays for this work will be discussed in a subsequent 
chapter devoted to that subject, as will also the methods of applica- 
tion, which will be given for use in both small and large orchards. 

The table which follows is prepared to show as concisely as possible 
the arrangements adopted for the experiments of 1894. The rows of 
trees once treated and those twice treated are shown, the date or dates 
of treatment and the formula or formule used in each case. 


TaBLe 1.—Showing the formule of the sprays applied in 1894, dates of application, and 
rows treated. 


Low No. | Best : Formule for 45 gallons of spray. 
| 
453 ea vees eae Feb. 20 | 15 lbs. sulphur, 30 lbs. lime, 10 Ibs. salt. 
DE ee See ae Nis ees aa Control row. 
Ee Be eR ee Sr she Feb. 24 | 10 lbs. sulphur, 20 lbs. lime, 7 Ibs. salt. 
4 {Feb. 16 | 10 lbs. sulphur, 20 lbs. lime, 7 Ibs. salt. 
ok that lade ih meek aoe ‘Feb. 28 | 5 lbs. sulphur, 10 lbs. lime, 3 Ibs. salt. 
eee eri piek, ae yates Sa Control row. 
" De mes Fame | Feb. 23 | 5 1bs. sulphur, 10 Ibs. lime, 3 Ibs. salt. 
Lae ae ee Feb. 24 | 15 lbs. sulphur, 30 Ibs. lime. 
Bote ; Sire. Bee: Ptor ep ar Control row. 
ey ee ere errs Feb. 23 10 lbs. sulphur, 20 lbs. lime. 
10 \fFeb. 20 | 10 lbs. ale 20 lbs. lime. 
"ee ere ee ae \\Mar. 38 | 51bs. sulphur, 10 Ibs. lime. 
Wes sd! speak oat Pea Ta Control row. 
i I aS ET | Feb. 24 | 5 1bs. sulphur, 10 Ibs. lime. 
1B ee kebab aces Feb. 13 | 20 lbs. lime, 20 lbs, salt. 
Uh SG a kee hs Wee ea liite stately piste Control row. 
Pps Tale ty Be? Feb. 13 | 20 lbs. lime. 
16 sFeb. 26 | 45 lbs. salt nob. 


\Mar. 6 | 45 lbs. salt (hot 


wa 


SPRAY WORK OF 1894, (} 


TAB_e 1.—Showing the formule of the sprays applied in 1894, dates of application, and 
rows treated—Continued., 


Date of 


Row No spraying Formule for 45 gallons of spray. 
Es bak ks atnlascdevesce Control row. 
isan» << e--+-++-| Feb, 26 | 3 lbs. copper sulphate, 5 lbs. sulphur, 10 lbs, lime. 
ee TL.........| Feb. 27 | 2 lbs. copper sulphate, 5 Ibs. sulphur, 10 Ibs. lime. 
Ee eee Control row. 
fFeb. 16 | 51bs. copper sulphate, 5 lbs. lime. 
——- ne” (Feb. 20 | 5 lbs. copper sulphate, 5 Ibs. lime. 
a Feb. 21 | 4 1bs. copper sulphate, 5 Ibs. lime. 
SE eee Control row. 
(Men. 6 | 4 1bs. copper sulphate, 5 Ibs. lime. 
— .. Mar. 1 | 31bs. copper sulphate, 5 lbs. lime. 
a Feb. 23 | 3 lbs. copper sulphate, 5 Ibs. lime. 
ee See Control row. 
Ho 6 | 31bs. copper sulphate, 2 Ibs. lime. 
— Mar. 1 | 2 lbs. copper sulphate, 5 lbs. lime. 
oo ee Feb. 26 | 2 lbs. copper sulphate, 5 lbs. lime. 
0 Eee Ae Control row. 
eS Feb. 2 | 2 lbs. copper sulphate, 3 ]bs. ammonia. 
as oS ee Control row. 
a Feb. 2 | 4 1bs. copper sulphate. 
{; ..do...] 2 lbs. copper sulphate. 
—— Mar. 2 | 2 lbs. copper sulphate. 
8) ee ee Control row. 
Mar. 3 | 41bs. copper sulphate, 5 lbs. soda, 3 ]bs. ammonia. 
a Feb. 27 | 3 lbs. copper sulphate, 10 lbs. sulphur, 10 Ibs. lime. 
SR ee er a Control row. 
ae Feb. 26 | 5 oz. copper carbonate, 3 lbs. ammonia. 
; Feb. 1 | 50z. copper carbonate, 3 lbs. ammonia. 
—- > Te Feb. 28 | 5 oz. copper carbonate, 3 lbs. ammonia. 
eae Control row. 
| ae Feb. 23 | 5 lbs. copper sulphate, 10 lbs. lime. 
Feb. 14 | 6 pints spray solution. 
— Mar. 3 | 6 pints spray solution. 
SE eee Sa Control row. 
Se eee Feb. 24 | 6 lbs. copper sulphate, 15 lbs. lime. 
BEE 2 Sees hho < Feb. 27 | 3 lbs. copper sulphate, 15 lbs. lime. 
ee ee Control row. 
Feb. 14 | 8 pints spray solution. 
Boge aeare e  e Mar. 3 | 8 pints spray solution. 
Feb. 14 | 6 pints spray solution, 3 Ibs. lime. 
NR aa Dae Mar. 6 | 6 pints spray solution, 10 lbs. lime. 
oe GE ee Control row. 
ees Feb. 14 | 8 pints spray solution, 3 lbs. lime. 
Sr Mar. 3 | 5 lbs. sulphur, 5 lbs. lime. 
ees eee Control row. 
Feb. 14 | 10 lbs. spray solution, 1 1b. soap (hot). 
ete TT oT (Mar. 6 | 8 pints spray solution, 1 1b. soap (hot). 
Meee ess oes ese Feb. 27 | 3 lbs. copper sulphate, 10 lbs. lime. 
oA A Ee Control row. 
Sees Mar. 6 | 8 pints spray solution, 2 lbs. copper sulphate, 10 lbs. lime. 
nS ee do ...| 5 lbs. sulphur, 15 Ibs. lime. 
SS See Control row. 


The spray work outlined in the above table was fully completed before » 
the opening of many of the peach blossoms in the spring. Following 
this work, plans were laid for the preservation of records of fruit 
thinned from the trees, ete., should peach leaf curl develop. As the 
spring advanced, however, it became evident that the disease would 
not appear to any serious extent in that portion of the State that sea- 
son, it not being sufficiently severe to produce a contrast either in 
foliage or fruit between the sprayed and unsprayed trees, hence the 
action of the sprays applied could not be determined. While this fail- 
ure to arrive at the results hoped for in 1894 was much regretted, the 
failure, nevertheless, led to the acquisition of certain facts at a later 
date which are of prime importance to the orchardist wishing to com- 
bat the disease with sprays. The treatment of the trees in 1894 made 
t possible when the work was resumed in 1895 to ascertain if the 
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effects of one year’s treatment extended to the crop or foliage of the 
second year. 

While peach leaf curl did not develop seriously in the Sacramento 
Valley in 1894, it prevailed quite extensively in other portions of the 
United States. This resulted in acquiring facts bearing on the experi- — | 
ments for 1895 in the Rio Bonito orchard. The experiments planned 
by the Department and carried out by growers in the East and in the 
north Pacific States, where leaf curl developed, showed that one 


thorough spraying during the dormant period of the tree was sufficient. — | 


The experiments of 1895 were consequently modified from those of 
1894 in respect to the number of applications made, as well as in other 
respects found to be advisable. 


SPRAY WORK CONDUCTED IN 1895. 


In the spray work in the Rio Bonito orchard during the winter and 
spring of 1895, the same block of Lovell peach trees was selected as 
that treated the previous year, and in each case the same unsprayed or 
control rows were left as in 1894. In 1895 the number of experiments 
made in this block was 38, as in the previous year, but three of the 38 
rows were not sprayed, being left without treatment for the purpose 
of observing the action of sprays applied in 1894 upon the crop and 
foliage of 1895. These three rows were numbers 4, 24, and 53, each 
of which had received two treatments in 1894. The facts thus learned 
are considered farther on. The spray work of 1895 included but a 
single spraying of each row designed for treatment. As already indi- 
cated, each experiment included one treated and one untreated row, 
each row having 10 immediately adjoining trees. By treating one row 
on either side of each control row the latter served as a contrast row _ 
for both sprayed rows. By referring to the plat of the block, p. 69, 
this arrangement may be seen. Row 1 is sprayed; row 2, unsprayed; — 
row 3, sprayed. These three rows make two experiments—rows 1 
and 2 compared make the first experiment, while rows 3 and 2 com- 
pared make the second experiment. In like manner rows 4 and 5 and 
5 and 6 make two experiments. These illustrations will be sufficient, 
as the entire block, with the exception of the three rows already 
noted, was treated according to the same general plan. | 

In considering the application of sprays in the experiments of 1895, — 


the nature of the sprays used, the formule according to which they — 


were prepared, the location of the rows treated, and the dates of appli- 


cation, as well as the location of the control rows for comparison, are — 


set forth in the table which follows. That the reader may better grasp 
the nature of all treatments which each row had received the previous 
year, the formule for the sprays applied in 1894 are placed at the left 
of the treatment given the same rows in 1895. 
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The methods of preparing and applying the sprays used in 1895 are 
considered in subsequent chapters. In each case an effort was made to 
do thorough work in applying the sprays, but, as is true with all such 
work in the field, more or less variable results could not be avoided 
owing to the weather conditions and other influences. The treatment 
was given the 35 rows during the ten days immediately preceding the 
general opening of the flowers, that is, at the close of the dormant 

period of the trees, or from February 26 to March 5. In a few of 
the more forward trees a small percentage of the flowers had opened 
before the completion of the work. 


GENERAL CONSIDERATION OF SPRAYS APPLIED. 


Several distinct types of sprays were tested in the preventive work 
on curl in 1895, and these were prepared in many forms and propor- 
tions. The two fungicidal bases, copper and sulphur, which are now 
| recognized in all countries as most valuable for this class of work, 
enter into the composition of a large proportion of the sprays used, 
in one form or another. 
In testing sprays considerable weight was given to the fact that 
the peach tree is subject to the attacks of certain serious insect pests, 
prominent among which is the San José scale, and that a spray com- 
bining both fungicidal and insecticidal properties would often prove 
of greater value than one the action of which was solely fungicidal. 
Having these facts in mind, and knowing the demonstrated value of 
the sulphur, lime, and salt spray as an effective remedy for the San 
José scale, this spray, together with various. modifications, was tested 
and compared (rows 1, 3, and 6). Besides quantitative modifications 
of the spray, tests of its constituents were made to acquire such facts 
respecting their value as were obtainable. The sulphur and lime 
united were tested in several proportions without salt (rows 7, 9, 10, 
12, 16, 51, and 57). The lime and salt were tested together (row 13), 
and the lime was tested separately (row 44). The trial of a strong 
salt solution was made the previous year (row 16), but as it injured 
the foliage somewhat it was omitted in 1895. Other modifications 
of the sulphur spray were prepared by adding different fungicides, 
with the hope of increasing its fungicidal action without detracting 
from its effectiveness as an insecticide. Sulphate of copper was 
_ added in different proportions (rows 18, 19, and 36), and the addition 
of iron sulphate was also tried (row 56). . 
The copper sprays tested for leaf curl were numerous and were 
variously prepared and combined. As already said, copper sulphate 
_was added to the sulphur sprays, but it was most extensively used in 
the preparation of the Bordeaux mixture, in which form it was applied 
in many experiments and of various strengths (rows 15, 21, 22, 25, 28, 
_ 33, 41, 45, and 54). Copper sulphate with ammonia (eau celeste) was 
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tested (rows 27 and 30), as was the modified eau celeste, composed of 
copper sulphate, sal soda, and ammonia (rows 35 and 39). Two experi- 
ments were also conducted with ammoniacal copper carbonate (rows 32 
and 38). : 

The action of sulphide of potassium was tested (row 47), as well as 
sulphide of potassium combined with milk of lime (rows 42 and 48). 

Iron sulphate in connection with lime was applied in one experiment 
(row 50), and, as already stated, was also used in connection with 
sulphur and lime (row 56). 

Of the three rows left unsprayed in 1895 (rows 4, 24, and 53), one 
(row 4) had received two applications of the sulphur, lime, and 
salt spray in 1894; another (row 24) had been twice sprayed in 1894 
with Bordeaux mixture; and the third (row 53) had received two spray- 
ings in 1894 with a hot saponified solution of sulphide of potassium, 


DESCRIPTION OF PLATE VII. 


Sprayed and unsprayed Crawfords Late trees in the orchard of Mr. A. D. Cutts, 
_ Live Oak, Cal. The tree seen at the right was sprayed with lime, sulphur, and salt 

~ in February, 1893; that at the left was unsprayed and was denuded of foliage and 
fruit by curl. (See records of fruit of sprayed and unsprayed trees in this orchard, 
p. 141.) The trees were photographed in May, after most of the curled leaves 
had fallen from the unsprayed tree. (Compare with Pl. XX.) 
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CHAPTER YV. 


a | 


INFLUENCE OF SPRAYS ON THE VEGETATION OF THE TREES. 
SAVING OF FOLIAGE FROM INJURY BY CURL. 
(Pl. VII.) 


The effectiveness of the winter sprays discussed in the previous chap- 
er in saving the foliage of peach trees from injury by peach leaf curl 
as been carefully considered. The relative importance of this matter 
ppears from the fact that it is the injury from the loss of foliage which 

responsible for the ultimate loss of the fruit. The spray work 
ready mentioned was completed, in 1895, about the close of the first 
eek in March. From this time on the flowers opened rapidly, and 
hey were soon followed by the pushing of the leaf buds and the com- 
lete resumption of the vegetative growth of the year. By the mid- 
dle of April the trees were well in foliage, while peach leaf curl was 
earing the height of its development. By the 22d of the month 
e contrast between healthy and diseased foliage on the sprayed and 
nsprayed trees had become so great that a careful estimate was made 
f the percentage of the diseased leaves upon every tree in the block. 
The first estimate of the condition of the foliage was made to deter- 
mine the amount and percentage of disease present on sprayed and 
~-unsprayed trees. The estimate of each tree was calculated upon the 
basis that the foliage present represented 100 per cent, and the amount 
f badly diseased leaves was taken as a certain per cent of the leaves 

eam at that date. Badly diseased leaves were considered as those 

seeming to have sufficient curl present to cause their premature fall 
| from the tree. The ultimate comparisons of sprayed with unsprayed 
| rows are not based upon this first estimate of foliage as the disease was 
still progressing. The parasite was still in the vegetative state, few of 
the swollen leaves as yet showing the fruit of the fungus, and still fewer 
having fallen from the trees. The trees sprayed with the stronger 
‘sulphur preparations were injured somewhat by the sprays, many of 
the more tender twigs being killed. This delayed the leafing of these 

_ trees, and resulted in their showing rather a smaller percentage of 
| diseased foliage at the time this estimate was made than would have 
been the case had the leaves pushed earlier. These discrepancies 
influence only a few of the sprayed rows. In other respects, it is 

lieved the numerous influencing conditions would apply, so far as 
ould be told, with equal force to all rows. 
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In taking the percentage estimates of disease shown in the following 
table, the trees were examined in north and south rows. This was 
done so as to work across the lines of the experiment rows rather than 
with them, and for the purpose of avoiding any influence which a 
knowledge of the sprays used on the trees estimated might be thought 
to exert. 


TABLE 4.—Estimated percentage of diseased leaves on trees April 22 and 23, 1895. 


—— 8 ————eEEE _ “= 


Average | Average 


. per cent | per cent 
Percentage of diseased leaves estimated | of dis- | of dis- 
Apr, 22 and 23, 1895, on tree No.— eased eased 
Row No. leaves leaves 


per per 
tree in tree in 


sprayed | control 
1, | 2. | 3. | 4 | 5. | 6 | 7. | 8 | 9 | 10. rows. rows. 


SD oc aewaedvdddr cst ounabsavmen Kesies=ane 85 | 80 | 80 | 80 | 85 | 85 | 85 | 85 | 80 | 85 88.0 | n<semetem a 
DE sian cpdmnboepwu i epacndetds veda abe aa 17 | 10 | 11 | 12 | 12 | 20} 15 | 15 | 16 | 18 14.6 |snecna bebe 
DU aici sine cola 3 his matali deinen axe Ue =e mini a 85 | 75 | 80 | 80 | 85 | 80 | 85 | 85 | 82 | 87 |.......... 82.4 
DOs ier Sedie as ameea jon we dr wens gules as 80 | 22 | 830 | 25 | 22} 9] 20) 18 | 19} 1 20,8" |c neta pore 
Dl ésnvecosos wauvoneebp ute vignnieibinin gipieie ee 26 | 81 | 81 | 82 | 21 | 20) 18 | 16 | 15 | 11 22.1 |eccsecn ves 
BB wccvcccccercccesneccdsocs scccvcsccene 90 | 89 | 85 | 90 | 85 | 87 | 88 | 90 | 90 | 88 |......-6- 88, 2 


a Rows sprayed in 1894, but left unsprayed in 1895, 


——— 
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General consideration of the above table develops some striking 
contrasts. By adding the figures corresponding to the average per- 
centage of diseased leaves on the trees of the control rows, and dividing 
this amount by the number of rows, we find that in the entire block, 


containing 200 control trees, 83.6 per cent of the leaves were badly 


diseased at the date of this estimate. In contrast to this, the total of 
the average percentages of disease shown by the trees of the sprayed 
rows, divided by the number of sprayed rows in the block, shows the 
average amount of disease in the sprayed rows to have been 26.2 per 
cent. Evidently this average is much above the percentage of disease 
shown at that date by many separate rows, as it included the rows 
treated with noneffective sprays as well as those giving the best 
results. Adding the averages of rows 4, 24, and 53 and dividing the 
amount by 3 gives 82 per cent of disease as the average of the 
three rows. As noted in the table, these rows were not sprayed in 
1895, but were left in order to ascertain the effects of the sprays 


applied to them in 1894, and the average of disease is seen to be prac- 


tically as great as upon rows never sprayed. 

From the date of this first estimate the progress of the disease in 
the orchard was very marked. Within the next two weeks the fungus 
fruited quite generally upon the swollen leaves, and a large percentage 
of the worst diseased leaves had fallen from the trees. By May 9 
the contrast between sprayed and unsprayed trees had quite generally 


reached its highest point, and any irregularities of special trees, ete., 


could no longer be considered. On May 9 a second careful estimate of 
the foliage was made. In this work, however, it was impossible to 
estimate the amount of disease or the trees as compared with the total 
amount of foliage present, as had first been done, for much of the 
diseased foliage had already fallen. To avoid this difficulty a new 
method of estimating was adopted. From the entire block of trees 
were selected two rows, Nos. 21 and 22, which showed only from 4 to 
6 per cent of disease, and were in other respects in perfect foliage. A 
careful study of these rows was made to get a clear idea of the con- 
dition of a tree in full foliage at that date, and with these types in 
mind each tree of the entire block was carefully examined. An esti- 
mate was made for each tree, based on the twenty typical trees studied, 
to determine the per cent of perfect foliage upon it, taking the amount 
which should be upon the tree at that date, if no disease existed, as 
100 per cent. The following table gives the results of this work. The 
percentages in the last column represent the gain in leaves of sprayed 
trees over the average of all control trees in the block. The manner 
of obtaining these percentages is discussed on page 85. 
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TABLE 5.—Estimated percentage of healthy foliage on the sprayed and unsprayed trees May 
9, 1895, as compared with the amount a healthy tree should have at that date. 


Gain in 
Percentage of healthy foliage compared ee Average | leaves of 
withthe amount the tree should haye, | P of per cent | sprayed 


estimated May 9, 1895. healthy fa) trees over 
Row No. leaves healthy | average 
= Tree No. — er trae leaves jofallcon- 
ue _per tree | trol trees, 
q |incontrol expressed 
OWS. in 
per cent. © 


spraye 
8. | 9. | 10. TOWS. 


a Trees sprayed in 1894, but unsprayed in 1895. 
b Gain of control row over row sprayed in 1894. 
c Tree missing. 


The comparison of some of the general facts brought out in the esti | 
mates of foliage April 22 and 23 and May 9, 1895, shows the progress 
of the disease during that time. 
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ABLE 6.—Comparative percentage of diseased foliage on sprayed and unsprayed trees 
| April 22 and 23 and May 9, 1895. 


April 22 a 
Trees examined, and may % 
23, 1895, | 1899. 
—___—_—— —E SOE tt EE FEES, eae eee eee 2 
‘Average per cent of disease on the trees of all control rows...........-.eeeeeeneee 83.6 | 86.9 
Average per cent of disease on the trees of all sprayed rows.........-.-..-+-20000 26.2 | 21.2 
Average pet cent of disease on the trees of the three rows sprayed in 1894, but 
TL 10h LOUD. vos we cnc neescusnscrencepscunecsstecsspmeccesescsenassese 82, 0 | 87.0 


' 


_ These comparisons show 3.3 per cent more diseased foliage on the 
control trees May 9 than April 22. The percentage of foliage of the 
sprayed trees showing disease had decreased, however, 5 per cent. Of 
the total foliage of the trees sprayed in 1894, but left unsprayed in 
1895, 5 per cent more was diseased at the second date than at the first. 
‘These figures indicate that the divergence in the percentage of disease 
n sprayed and unsprayed trees was still increasing just prior to the 
second estimate. The second estimate may thus be considered as taken 
fore any of the trees had begun to recover from the effects of the 
ease. The time of maximum contrast was the true time to make 
ne estimates, and it is believed the date of this second estimate was 
certainly not too late to fully comply with this requirement. This 
belief was substantiated by a third partial estimate made a week later, 
which gave in general very similar results to those obtained May 9. 
t should also be said that the decrease in the percentage of disease on 
the sprayed trees between the dates of the first and second estimates 
did not indicate that the second estimate was made too late, or after 
the trees had begun to recover, but merely that the leaf buds had not 
fully pushed at the time of the first estimate. This is further shown 
by the fact that the percentage of disease was still increasing on 
unsprayed trees up to that time. 
{ Before considering the action of individual sprays in saving the 
foliage from curl, the following comparisons are given of the action 
of the classes of sprays used: 


TaBLe 7.—Percentage of healthy foliage on trees differently sprayed. 


| 


ee 5a ES 2 On 2 O05 
Sea, | Sse | gaye | gang 
- P lo HS ee Searle er 
Percentages of healthy foliage shown by trees sprayed with | Sy a7  S. O- So | ST Bos 
different classes of sprays. Estimated April 23and May | Sf< 24 a ah < eth ee < > 
9, 1895 Saou |Sees |= ds )8° ds 
Soweg | SOWS | BH So | BH So 
Soa Daan BOM | OOHRS 
_ Ay Oo je 
; 2 | 
_ Average of 30 trees sprayed with sulphur, lime, and salt ..... | 71.4 84.6 ASD tees eo ® 
Average of 70 trees sprayed with sulphur and lime........... 69.3 80.0 CO A) PRR eee oe 
Average of 100 trees sprayed with the two preceding sulphur 
Re ee ee on nS as oe eam piniecn Be a owe thoes = =: 70.3 82.3 AE (alee Song ie 
_ Average of 90 trees sprayed with Bordeaux mixture ......... 86.2 89.6 SAR MRS 
_ Average of 20 trees sprayed with eau celeste ................. 83.3 91.7 eo ere 
_ Average of 20 trees sprayed with modified eau celeste........ 83.0 87.6 BiG |= ost eee oe 
Average of 130 trees sprayed with the three preceding copper 
EI Phere. cis. 2h tgekta cae nae 84.2 89.6 AY ¢ bie 2 ae 
Average of 20 trees sprayed with ammoniacal copper car- 
SMES See eee ee le oe a tubedeeg scbecqces 69.8 ot ee ee ee 8.4 
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TABLE 7.—Percentage of healthy foliage on trees differently sprayed—Continued. 


San | Sao | gong | gong 
| Bee 2 > S ae 5 aw 
- = a | @® #2 ® mR “Sr he. ~ Siete 
Percentages of healthy foliage shown by trees sprayed with | Weamt | ps Om Rot i ia 
different classes of sprays. Estimated April 23 and May | $a2¢ | $a- ais as ROS b, 
C R05 Ae — oa 
9, 1895. | S's or | 5's OS oe gS 5 aS 
|Rade | Boe | sos | Zok8 
of a & 4 
Average of 30 trees sprayed with copper sulphate, sulphur, 
and lime: @)... s+ 5<.'ose sons aes sem ot ee tape eee oer ae ae 76.3 | 82.0 iy el 
Average of 10 trees sprayed with iron sulphate and lime..... 59. 2 57.0) sc.ceeeme 2.2 
Average of 10 trees sprayed with iron sulphate, sulphur, and | 
HMC. 2 Boo eases seat SEO en eee ae eee 79.2 | 108 *| aieracnte emt 3.4 
Average of 10 trees sprayed with sulphide of potassium...... 32.0 38.8 6.8: J..i0e en 
Average of 20 trees sprayed with sulphide of potassium and | 
MAY Co 5S sok eee sara are ee natch Fata ies anor eer | 54.3 49.3 1| 2... eee 4.5 
Average of 10 trees sprayed with milk of lime..........-...-. 73.5 58.85/22 aaoeer 14.7 — 
Average of 10 trees sprayed with milk of lime and salt.....-. 54.5 79.5 25.0: |. -<< sae 
¢ 


a Compare text. 


The table shows the average of healthy foliage on the trees sprayed 
with the sulphur sprays (sulphur, lime, and salt, 30 trees; sulphur and 
lime, 70 trees) to have been 82.3 per cent May 9. The average on the 
trees sprayed with the leading copper sprays (Bordeaux mixture, 90 
trees; eau celeste, 20 trees; modified eau celeste, 20 trees) was 89.6 — 
per cent. The average amount of healthy foliage saved on trees 
sprayed with a combination of these two leading classes of sprays 
(Bordeaux mixture added to the sulphur and lime sprays, 30 trees) 
was no greater than the average saved by all sulphur and lime sprays 
alone, being 82 per cent as against 82.3 per cent for the sulphur 
sprays. This result was a surprise, but by carefully looking into the 
reason it would seem that the low average in the case of the combined 
sprays was due to the low average of the single row 36, while the high 
average of the sulphur sprays arose from including in the average the | 
results of those sprays which contained much more sulphur than was — 
used in the combined sprays. Notes on the spray applied to row 36 
show that considerable sulphur was precipitated in cooking, probably — 


The two remaining rows, 18 and 19, sprayed with combined sprays, 
showed 84.7 and 83.2 per cent of healthy foliage, respectively—an 
average of 83.9 per cent. The formula for each of these experiments 
contained 5 pounds of sulphur. In the experiments with uncombined- 
sulphur sprays there were four formule containing 5 pounds of sul 
phur each. The average per cent of saving of these four experiments | 
was 75.3. These facts show that when the amount of sulphur was 
equal there was an average gain of 8.6 per cent in healthy foliag 
resulting from the addition of Bordeaux mixture to the sulphu 
sprays. 
The average percentage of foliage saved by the use of the ammo 
niacal copper carbonate (20 trees) was, May 9, 61.4. As the ammoniacal 
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copper carbonate sprays used contained much less basic copper car- 
bonate than the other copper sprays applied, their comparatively low 
effectiveness against curl is fully accounted for, and for this reason 
they were not included when calculating the average action of the 
copper sprays in general. They were outclassed by the amount of 
copper used in the other sprays. 

The foliage saved by the use of iron sulphate and lime (10 trees) 
was but 57 percent May 9. This shows a much less satisfactory action 
than either the copper or the sulphur sprays. The iron sulphate com- 
bined with the sulphur and lime sprays showed a saving of foliage 
May 9 of 75.8 per cent. While this is a good showing, the beneficial 
action was evidently due to the sulphur of the spray and not to the 
‘iron, and the result was even below the average obtained by the sulphur 
‘sprays alone, or equal to those having the same amount of sulphur. 
One experiment (10 trees) was made with sulphide of potassium, but 
| theaverage percentage of foliage saved by this spray was, May 9, only 
38.8. Sulphide of potassium combined with milk of lime (20 trees) 
showed a greater saving of leaves, being 49.8 per cent, but as the 
sulphide alone gave a saving 11 per cent lower, and as milk of lime 
saved as high as 58.8 per cent, it is questionable if the lime was not 
the more active agent in the combination. As already stated, the 
milk of lime applied as a spray (10 trees) showed a saving of 58.8 
per cent of the leaves, which was quite satisfactory for a spray con-. 
taining none of the standard fungicides. The spray prepared from 
lime and salt (10 trees) gave a high record, the healthy foliage May 9 
being 79.5 per cent. While it is possible that the fungicidal action of 
this spray may be somewhat higher than that of milk of lime alone, 
it is perhaps more probable that the results noted arose from BENS 
Influence. It was learned in the previous year’s work that a solution 
of salt injured the new growth and tender leaves, and it is thought 
likely that in the present case the earliest growth and that which first 
‘showed disease was destroyed by the spray, and that the foliage 
estimated was a new and somewhat later growth, showing much less 
disease than the first foliage would have shown. It would be well, 
however, to repeat this test. 

_ Some interesting facts are brought out by the preceding table in 
relation to the continued action of the fungicides used. By comparing 
the first column, the percentages of healthy foliage taken April 22 
and 23, with the second column, the percentages taken May 9, it will 
be seen that the percentage of healthy foliage on all trees sprayed 
with the sulphur or copper sprays increased decidedly between the 
‘two dates of estimate, as shown in the third column. On the other 
hand, the action of the weaker sprays was overcome by the disease, 
and the percentage of healthy foliage May 9 was much less than April 
23, as shown in the fourth column. These weaker sprays checked the 
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action of the fungus at first, but were not sufficiently active or per- 
sistent to prevent its gradual increase upon the trees. An apparent 
exception to this in the case of the sulphide of potassium appears to 
arise from the fact that the disease was never greatly checked by this 
fungicide, the amount of healthy foliage being only 32 per cent April 
23. Another and more marked exception is seen in the trees sprayed 
with lime and salt in solution. It is thought, however, that the true 
explanation of this exception is that given in the preceding paragraph. 

What has been stated will be sufficient to indicate the comparative 
value of the main classes of sprays used in these experiments. It is 
shown that the highest degree of effectiveness in saving foliage is 
possessed by the copper sprays, that the sulphur sprays also possess a 
high degree of fungicidal activity, and that where Bordeaux mixture 
is added to the sulphur sprays the effectiveness of the latter is some- 
what increased. It is also made clear that sulphide of potassium, 
sulphate of iron, and several other sprays, as tested, are of secondary 
value in this work. It should be noted that the average saving 
obtained from the use of the sulphur sprays is sufficiently high to well 
warrant the use of these sprays, either in combination with Bordeaux 
mixture or alone, in cases where it is desired to use a spray having 
both fungicidal and insecticidal qualities. 

It will now be advantageous to briefly consider the leading indi- 
vidual sprays composing the classes of sprays already discussed, in 
respect to their action on peach foliage and peach leaf curl. The fol- 
lowing table gives a compact presentation of the number and nature 
of these sprays, as well as their action in controlling curl: 


TABLE 8.—Nature and composition of sprays applied. 


se [sas | gs 
- =) Bo = Dw 
a s°a.| SNO 
oo oovn ne 
© & © 00° 3 |” Gace 
& Fide a & OCs 
Row cl d formule of s applied ‘5 25 Ba 23 
No. ‘lasses and formule of sprays applied. ie) aeRO 2 2 
Aor ma) 
ods | Fae | SES 
aus | wags | gee 
Poo |Bdea | B88 
< A a 
Sulphur, lime, and salt: 
1 15 ‘Ibs. sulphur; 30-lbs, lime, 10)1'Ds, (Sail 23: crc ope nie aie oes min 92.3 607 ; 
3 10' Ibs: sulphur; 20 Ibs; lime; bls, Baltes - os tence se ee 84.7 549 60 
6 bl bs; :sulonur, 10) lbs; dime: <6 De SBE, cs acm cictacaie > sel aee= 76.8 488 at 
| Sulphur and lime; 
vba, 1h-lbs, snlpnir BO lps mime. ce cccastiy eo eBacien ee a 85. 4 554 50 
i) 10: Tbs; Sui pur, 20 IDS. Mes. ect ees sc ceten adn ee ew neay se a 83.1 536 60) 
10 10 Ibs stilohnr, 8 1 Dems rh tea kgab didesmadte te nsiee car ewes 85. 4 554 at 
16 61bs; sulphur, 2 Ds inte. 2 cooker atc esenee censor meee 82.0 528 &( 
57 Biles SU Dour 6 oe ee. 6 acts se eesnien wine aoe ad nas admits 74.8 | 473 | 50 
12 PIS. BU DMUL, 20'S; LIINNGs wait Sates hens cn aus beh a eat ee ee eee 81.0 520 HO 
51 5 lbs. sulphur, 5 Ibs. lime. ...........-2-----seeceeeesersvess 68,5 | 424 HC 
_ Bordeaux mixture and sulphur Lipo combined : 
36 | 3 lbs. copper sulphate, 10 lbs. sulphur, 20 Ibs. lime.......... 78.2 | 499 
18 | 3 lbs. copper sulphate, 5 lbs. sulphur, 10 Ibs, lime.......... 84.7 549 
19 2 Ibs. copper sulphate, 5 lbs. sulphur, LO ADS AUN Src asnewee 83, 2 537 
| Bordeaux mixture: | 
15 | 6 lbs. copper sulphate, 15 Ibs. lime..........seeseeececeeeees 90, 0 589 1¢ 
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TABLE 8.—Nature and composition of sprays applied—Continued, 
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oe Soo KS 
a 6 | BoB, | 888 
$e 6| 8hSs a 
a Classes and formule of sprays applied. 2 ZS ars »*e 
. a b>. | eros | bed 
os | gees | 285 
Egm | “So~| She 
Pao | taeq| §35 
4 A iw 
33 $ lbs. copper sulphate, 15 lbs. lime............-.........s-.- *91.9 *604 80 
41 5 Ibs. copper sulphate, 10 lbs. lime.........................- 87.0 566 | 100 
45 pape. OODper BUlpnate, 10 Tbs (IMC. oun cas enn sna esicnteen 85.7 556 90 
54 Bibs. copper sulphate, 10 Ubs. lime... 222)... ee ee 82.2 529 | 80 
21 Dave: Copper Sulpnae, 6 IDS. UMC... kcssss cp ne wcrc can ene ss 95.9 634 100 
22 4 lbs. copper sulphate, : MOR AMGIe s LOL Sets Lees ov oe ceeek sas 94.5 624 | 100 
25 3 lbs. copper sulphate, 5 Ibs. lime.......................... 89.8 588 80 
28 ZivsLOOpper sulphate, 6 libs, Jime:..........<...-. 205 505... 89.3 584 80 
Eau celeste : 
27 4 lbs. copper sulphate,3 pints ammonia...-...........--.-. 91.2 598 80 
30 2 lbs. copper sulphate, 3 pints ammonia.................... +92: 2 +606 +100 
Modified eau celeste : 
35 4 lbs. copper sulphate, 5 lbs. sal soda, 3 pintsammonia...... 91.8 603 80 
39 2 lbs. copper sulphate, 3 lbs. sal soda, 2 pints ammonia...... 83.4 539 80 
Ammoniacal copper carbonate : 
38 5 ounces copper carbonate,3 pints ammonia...........-.-: 70.3 438 80 
32 3 ounces sey gr carbonate, 2 pints ammonia..............- 52.5 302 60 
Iron sulphate and lime: 
50 LCR S CESS CORE TC b coat Co nea ea 57.0 336 40 
Iron sulphate, sulphur, and lime: 
56 5 lbs. iron sulphate, 5 lbs. sulphur, 10 Ibs. lime............-. 75.8 480 40 
Potassium sulphide solution : 
47 8 pints potassium sulphide solution ...........-.----------- 38.8 197 40 
Potassium sulphide solution and lime: 
48 12 pints potassium sulphide solution, 10 Ibs. lime.........:-- 58.0 344 50 
42 8 pints potassium sulphide solution, 5 lbs. lime..........-- 41.6 219 40 
Lime and salt: 
13 iiss igne ee Niece HONS et oe ee Eee oat eee eae apuse eee 79.5 509 60 
Lime: 
44 LD BRS LLCO § 4.5 5 Ee od PS eke cde AS pe Beek Se ete Se 2 ee 58.8 350 50 
* Exceptional, see p. 87. + Outside row, next to driveway. 


The above table is planned to give for each experiment the following 
facts: (1) The number of the row to which the spray was applied; (2) 
the nature and amount of the ingredients used in each case; (3) the 
average per cent of healthy foliage shown by the trees of the row 
May 9, 1895; (4) net gain in healthy foliage above the average per cent 
of healthy foliage produced by all of the control trees of the block 
(200 unsprayed trees), and which is expressed in per cent; (5) thrift 
of uninfected leaves in color, texture, and size. The figures under 
the fourth head were obtained in the following manner: The average 
percentage of healthy foliage of all the trees of each control row was 
first ascertained. These amounts were added together and divided by 
the number of rows (20) to obtain the average percentage of healthy 
foliage of all control trees of the block. This average was 13.06. 
From the average percentage of each sprayed row was then subtracted 
the average of all control trees to obtain the gain in healthy foliage 
of each sprayed row. This net gain was then divided by the 13.06 
per cent of the control trees to obtain the net gain per cent of each 
‘Sprayed row. For example, take row 1: 92.3 % —13.06 %=79.24 % 
gain; 79.24% +13.06 % shows the net gain to be $§3—607 % of the 
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average amount of healthy foliage of the control trees. The fifth sub- 
ject, thriftiness of leaves, is discussed in the next general head of this — 
chapter. | 

In considering the saving of foliage induced through the use of the | 
sulphur, lime, and salt sprays (rows 1, 3, and 6) in comparison with 
the average saving of sprays containing an equal amount of sulphur 
but no salt (rows 7, 9, 10, 16, 57,12, and 51), there appears to be a 
slight gain in favor of the former sprays. The average saving from — 
both classes, taken together or separately, is in proportion to the — 
amount of sulphur contained in the spray. With 15 pounds of sul-_ 
phur the average net gain in healthy foliage was 580 per cent; with — 
10 pounds, 547 per cent; with 6 pounds, 528 per cent; and with | 
pounds, 480 per cent. 

In considering the combined sulphur and copper sprays (rows 18, 
19, and 36), it is well to omit comparisons of row 36, on account of 
the injury caused to the effectiveness of the spray applied to it through 
the precipitation of a portion of the sulphur in boiling, as has already 
been noted. Rows 18 and 19, containing 3 pounds and 2 pounds of 
copper sulphate, respectively, ee eacb containing 5 pounds of sulphur 
and 10 pounds of lime, show a gain in healthy foliage of 549 per cent 
and 537 per cent, or an average gain of 543 per cent. The average 
gain from the epee sprays, which contained the same ee of 
sulphur but no copper, was, as already stated, 480 per cent. 
shows the advantage of adding the copper to the sulphur sprays. jj 

In the table the experiments with the Bordeaux mixture are 
arranged according to the amount of copper and lime used in each, 
The results obtained in the 9 experiments bring out some valuable — 
facts respecting the most desirable proportions of copper and lime to 
be used. Of the 9 experiments with Bordeaux mixture, 2 formul 
contained 15 pounds of lime each, 3 formule 10 pounds each, and 
formulee 5 pounds each. 

By comparing rows 15 (6 pounds copper sulphate, 15 pounds Lime), 
41 (5 pounds corer sulphate, 10 pounds lime), and 21 (5 pounds cop: 
per sulphate, 5 pounds lime), it will be seen that there was a gain ‘| 
healthy foliage of 589 per cent, 566 per cent, and 634 per cent, respec 
tively. Dividing these gains oe the aration of pounds of copper in 
the respective formule, which may be fairly done, owing to the nearly | 
equal amounts of copper contained in each, the following results wil 
be obtained: 
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Per cen 
Row 15 (6 pounds copper sulphate, 15 pounds lime=1 pound copper to 2.5 
pounds lime) shows a gain of foliage per pound of copper sulphate of.......- 
tow 41 (5 pounds copper sulphate, 10 pounds lime=1 pound copper to 2 — 
pounds lime) shows a gain of foliage per pound of copper sulphate of....-.--- 11 
Row 21 (5 pounds copper sulphate, 5 pounds lime =1 pound copper to 1 pound 
lime) shows a gain of foliage per pound of copper sulphate of........-------- 1 
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These comparisons indicate a decided increase in activity of the 
‘sprays as the percentage of lime is lessened—the total amount of cop- 
per remaining the same, at least to that point where the number of 
pounds of copper sulphate and lime are equal. The formule contain- 
ing 8 pounds of copper sulphate can not all be compared as justly as 
the above formule have been, owing to a difference in the make of 
copper sulphate used on row 33. However, rows 45 and 54, each hay- 
ing been sprayed with a formula containing 3 pounds copper sulphate 
and 10 pounds lime, may be compared with row 25, which was treated 
with 3 pounds of copper sulphate and 5 pounds of lime. The average 
saving of foliage per pound of copper sulphate in the former two 
experiments (10 pounds lime) was 180 per cent. ‘The saving per pound 
of copper sulphate in the latter experiment (5 pounds lime) was 196 
per cent. ‘These comparisons also show most gain in foliage per pound 
of copper sulphate where least lime was used. 

That no misconception may be formed from the preceding com- 
parisons, it is well to consider that the sprays were applied in these 
cases immediately before the opening of the buds, so that prompt action 
of the copper was of greater importance than the enduring qualities 
of the sprays. As will be elsewhere shown, however, the endurance of 
sprays upon the trees is largely increased with the increase of the 
amount of lime they contain. A large increase of lime above the 
absolute requirements for the Bordeaux mixture is not necessary when 
the spray is applied so near the date of the opening of the buds that 
its action can not be delayed without loss in effectiveness. On the 
other hand, if the spray is applied at an earlier date, so that it is 
required to withstand weathering for a longer period, a considerable 
increase in the amount of lime may be an advantage in increasing its 
enduring quality. 

The amount of copper sulphate used in the preparation of the Bor- 
deaux mixture varied from 2 to 6 pounds for 45 gallons of spray. Of 
the nine formule tested, that containing 5 pounds of copper sulphate 
and 5 pounds of lime (row 21) gave the highest gain in foliage over 
the average healthy foliage of the control trees, or 634 per cent. 
There was an actual average saving of 95.9 per cent of the spring 
foliage of the 10 trees sprayed, consequently the average loss of foliage 
in this experiment was only 4.1 per cent. The next best results were 
obtained with the spray containing 4 pounds copper sulphate and 5 
pounds lime (row 22). This spray gave a gain in foliage above the 
average produced by the control rows of 624 per cent. The average 
amount of foliage saved on the 10 trees was 94.5 per cent, showing 
that all but 5.5 per cent of disease had been prevented. While row 33 
shows the next highest saving in foliage, these results, as already 
indicated, are exceptional, as shown by comparison. The yield of 
fruit which this row produced also shows the foliage records to be 
exceptional, and they may properly be omitted in these comparisons. 


i 
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The results obtained by the use of eau celeste and modified eau 
celeste were very satisfactory, but in no case was as high a percentage 
of foliage saved by them as in the better tests with Bordeaux mixture. 
The exceptionally high percentage of foliage saved on row 30 with but 
2 pounds of copper sulphate may be in part due to the fact that the 
row was an exterior one of the block and next to a driveway, where 
the trees may have been better nourished than those of interior rows. | 
By comparing the formula used on row 27 with that used on row 39 
(each containing 4 pounds of copper sulphate) it will be seen that the — 
saving of foliage was about equal with eau celeste and modified eau 
celeste. Comparison of these results with those shown by row 22, 
which was sprayed with Bordeaux mixture containing the same amount 
of copper, will show that the latter saved the highest percentage of — i 
foliage. | 

Ammoniacal coppe1 carbonate gave less satisfactory results than the 
preceding sprays, probably owing to insufficient copper. The various 
results given by the other sprays tabulated require no special comment. 

Another fact is made evident by the preceding table. Of two 
formule of the same class, as the Bordeaux mixtures, one containing 
more of the fungicide than the other, the percentage of foliage saved 
for each pound of fungicide will be the greater in the weaker spray. 
Each of the Bordeaux mixtures used in spraying rows 21, 22, 25, and 
28 contained 5 pounds of lime, but the amounts of copper sulphate 
used were 5, 4, 3, and 2 pounds, respectively. The total net amount 
of foliage saved by these sprays and the net saving per pound of copper 
sulphate each contained may be thus shown. 


Row 21: 5-pound formula, 634 per cent sayed; per pound of copper sulphate, 127 


per cent. 
Row 22: 4-pound formula, 624 per cent saved; per pound of copper sulphate, 156 
per cent. , 
Row 25: 3-pound formula, 588 per cent saved; per pound of copper sulphate, 196 


per cent. 
Row 28: 2-pound formula, 584 per cent saved; per pound of copper sulphate, 292 


per cent. 

These figures show a gradual decrease of the total per cent of foliage 
saved as the amount of the fungicide is decreased, but a decided increase 
in the percentage of foliage saved per pound of fungicide. 


COMPARISONS OF WEIGHT AND COLOR OF FOLIAGE FROM SPRAYED AND 
UNSPRAYED TREES. 


Besides the direct loss of leaves through infection by iroascus defor- 
mans, there is an indirect loss through the retarding of growth of such 
foliage as has not been directly infected by the fungus. A limited 
examination of this matter was made May 17-and 18, 1895. Two 
typical trees were selected in adjoining rows, one of which had been 
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Bull. 20, Div. Veg. Phys. & Path., U. S. Dept of Agriculture. 
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| DESCRIPTION OF PLATE VIII. 

‘Experiments at Biggs, Cal. (Unsprayed.) Looking north through the Lovell 
from row 28 of the experiment block, showing the unsprayed trees on both 
as they appeared May 15, 1895, in the unsprayed orchard. These should be 

trasted with the two sprayed rows, 21 and 22, shown in Pl. IX. 
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DESCRIPTION OF PLATE IX. 


Experiments at Biggs, Cal. (Bordeaux mixture.) Looking east between rows 21 
and 22, May 15, 1895. Row 21 was treated before blooming with 5 pounds copper 
sulphate, 5 pounds lime, and 45 gallons of water, and row 22 with 4 pounds copper 
sulphate, 5 pounds lime, and 45 gallons of water. Row 21 matured 4,443 pounds of 
fruit, and row 22, 4,421 pounds, while row 20, unsprayed, just south of row 21, 
_ matured only 648 pounds, and row 23, unsprayed, just north of row 22, matured 
only 712 pounds. Row 21 set 22,164 peaches, and row 22 set 21,478, while row 20 
set only 1,911, and row 23 only 2,127; or, in other words, row 21 set eleven times as 

many peaches as row 20, and row 22 ten times as many as row 23 (p. 111). (Com- 
pare with Pl. VIII.) 
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‘sprayed and the other not. These were trees No. 10 of rows 20 and 
21. Tree No. 10 of row 21 was sprayed the first week in March, 1895, 
with Bordeaux mixture (5 pounds copper sulphate, 5 pounds lime). 
Tree No. 10 of row 20 had not been sprayed. From each of these trees 
was gathered 2 pounds of healthy foliage. Careful measurements 
were made of the length of the branches of 1894 growth necessary to 
yield this weight of healthy leaves, and it was found that on the 
unsprayed tree it required 186 feet 2 inches, while on the sprayed tree 
it required only 49 feet 4 inches. The work was done as similarly as 
possible on both trees. The 2 pounds of foliage from the sprayed 
tree contained 2,428 leaves, and the 2 pounds from the unsprayed tree 
2.546. In other words, 118 more healthy leaves were required from 
the unsprayed tree than from the sprayed tree to equal 2 pounds in 
weight, or 59 more leaves per pound. ‘This result is due to the indi- 
rect rather than the direct action of the disease. The leaves from the 
unsprayed trees, being healthy, should average as great in weight as 
those from the sprayed trees, were it not for the retarding and 
impoverishing action of the disease upon the general growth of the 
tree. In comparing diseased with healthy leaves, however, this ratio 
would be reversed. The number of diseased leaves required for a 
given weight would be much less than the number of healthy leaves 
required. The diseased leaves are greatly curled and distorted through 
the irritation or stimulative action of the fungus present in the tissues, 
and in many instances they also become enormously increased in width, 
thickness, and weight. 

The contrast observed in the color and general appearance of the 
leaves of the sprayed and unsprayed trees was very marked. The 
foliage of the trees treated with the stronger copper sprays, especially 
the Bordeaux mixtures, presented the finest appearance. On May 8, 
1895, two months after the spray work was completed, and at the 
height of the disease, the foliage on trees thus sprayed presented the 
greatest perfection. It was so abundant and so dense as to throw 
very dark shadows beneath the trees, making it difficult to obtain 
good photographs among them. ‘This dense foliage existed upon both 
the lower and the upper branches. The leaves were of a very dark 
and rich green color, long, soft, and beautiful. Upon the unsprayed 
trees comparatively few leaves presented the appearance of full 
health, and much of the diseased foliage had already fallen, leaving 
many trees nearly bare. The color of much of the remaining foli- 
age was yellow and sickly. Many of the uncurled leaves were small 
and light colored on both the lower and the upper limbs. What 
growth these trees had made up to that date was largely terminal, very 
little healthy or comparatively healthy growth being apparent from 
lateral buds. (Compare Pls. VIII and IX.) 
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The influence of the various sprays on the thriftiness of the leaves 
was especially examined. This examination was confined to such foliage 
as was free from infection by the fungus, but was extended to sprayed 
and unsprayed trees alike, and to all rows of the block. In recording 
the comparative thrift of uninfected foliage, attention was given to the 
depth of the green color, to the softness of texture, and to the size of 
the leaves. These features of the foliage were considered collectively 
and recorded on the seale of 100; for instance, the most thrifty foliage 
was recorded at 100 per cent of thrift, and the less thrifty at a lower 
percentage. This method enables one to distinguish at a glance those 
sprays giving the best results in color, texture, and size of leaves—in- 
other words, in functional ability. The records for each row and — 
formula are given in the general table under the preceding head of this _ 
chapter, to which the reader is referred. It will there be seen that the — 
trees of 5 rows produced foliage of the highest quality in spite of the — 
presence of disease. These rows were all sprayed with the copper — 
sprays, and all but one with Bordeaux mixture. Owing to the fact 
that row 30, showing’ first-quality foliage, was an outside row, it 
may be well to omit it in comparisons. The remaining 4 rows, Nos. 
15, 41, 21, and 22, wereall sprayed with Bordeaux mixture, containing 
6 pounds, 5 pounds, 5 pounds, and 4+ pounds of copper sulphate, 
respectively. Smaller amounts of copper sulphate did not give equally — 
high results. 

The average results shown by the different classes of sprays are as 
follows: 


Per cent. 
Sulphur, lime, and salt (3 rows) ....:-.52.-5.-+-2s-+-0.-0---45e= =r 67 
Sulphur'and lime (7 rows):.2. 2022. 220..2 4.0 kh Je ee 63 
Bordeaux, sulphur, and lime combined (3 rows) .-.:..~.<---+.<-)<5= =e 77 
Romdeanx: (9 TOW oak ce ee ee ee inv wae nein 30 sea ee 90 
Bordeaux, 4, 5, and 6: pound formulz (4 rows)........-...-.---+--2 === 100 
Kau. celeste (2 rows) --. 2222... onde te csasc ere ssslees oes See ee ern 90 
Modified eau celeste (2 rows) :.- 22522. 250 1-2 sod selon a nee > oe 80 
Ammoniacal copper carbonate. (2: rows) =.=... -.--s6s-4.+-+-<.-++550aeeeen 70 = 
Iron sulphate and, lime (1 row): .. <2... < 3.02562 cees sae oS oe ae 40 @ 
Iron sulphate, sulphur, and lime (1 row) ..-.-.------.---+--.ss5s5s Seen 40 
Potassium sulphide “{1' row)*'.. <2 2.5. S226)... ccc es. 225 eee 8 See 40 
Potassium ‘sulphide and lime (2 rows) . .< .\. 2.4 -!c. -3.¢n4 ts - 24 oe cae 45 
Lame od. nat AS sows. <25 0 55s ei d aac b einai wees = == onin.s ae 60 
Lime (h BOW) o. one sce ode Se nots pcmcia ies 35s Saou $s <r ale, 5 cee 50 
Trees sprayed in 1894, but not in 1895 (3 rows) ............-00+--ss0eneeene 20 


Control trees: (10 rOWS) . 62 ise bs ce eck dec ce tucelecens at went esa cnn 20? 


The Bordeaux mixture is here shown to give the best average results | 
as to thrift of foliage. The excellence of texture, color, and size of 
the leaves on rows sprayed with the stronger Bordeaux mixtures | 
would be hard to surpass. | 


First leaves probably injured by spray. | 
?One exceptional row, showing 40 per cent, omitted; perhaps benefited by wind 


borne spray. 
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GROWTH OF BRANCHES AND LEAF BUDS ON SPRAYED AND UNSPRAYED 
TREES. 


Besides knowing the action of the disease and of the sprays upon 
foliage, it is desirable to ascertain their action on leaf buds and the 
growth of branches. ‘Two months after growth started—from May 
10-14, 1895—a study was made of the growth of 20 trees in the experi- 
ment block, 10 sprayed and 10 unsprayed. The rows selected for this 
work were Nos. 20 (unsprayed) and 21 (sprayed). ‘These rows were 
types of the injurious action of the disease and of the beneficial action 
of the spray applied, which was 5 pounds of copper sulphate and 5 
pounds of lime. Much time was given to making measurements of the 
new growth and recording the results, the time being equally divided 
between the 10 sprayed and the 10 unsprayed trees. Typical limbs 
were measured upon both the lower and upper portions of the trees, 
and the length and comparative health of the new growth was recorded. 
The length of 1894 growth and that which was older was first ascer- 
tained, and was followed by careful measurements of all spring growth 
of 1895 arising from wood of 1894 or from that which was older. The 
results of this work are shown in the following table: 


TaBLE 9.—Records of measurements of healthy and diseased wood on unsprayed and 
sprayed trees, taken May 10-14, 1895. 


Row 20, unsprayed trees. Row 21, sprayed trees. 
Length of spring growth Length of spring growth 
of 1895— of 1895— 
g ae: 
o a. On wood more} © 5 On wood more 
Tree No. Fi On Arey of than 1 year a On — of than 1 year 
oS ; old. SE , old. 
r= = S 
&0 ° | ‘ | ; 0 ‘ | 4 
j= as so) uo} se) 
a a 5 z e | § a 5 ze | 3 
4 cS a ce Fe 4 = 3 s a 
s z s z 5 2 S$ | 2 
x A mt | A en =) tay iets 
In In In. In. | In In. In In inst}, 
ee 1, 422 492 249 76 91 674 | 1,189 11 194 | 2 
. = aa 1,614 570 229 219 134 664 908 6 494 | 14 
. ee 1, 364 301 251 83 22 592 768 4 oe ees 
eee... 1, 304 557 304 234 29 666 | 1,580 6 35 Vt (ae are eee 
|. 1,576 499 326 85 41 702 | 1,100 3 AD 4.5 Salone 
oS a 1, 886 298 257 182 41 976 | 1,259 4 325 1 
oe 1, 366 527 230 18 32 998 | 1,348 4 il. 2g Petes a 
ol 1, 758 686 516 53 2] 1, 0683); “2 77p1 2 UL 23 eee 8 
. 2] 1, 986 977 550 120 8 ete nee Ue ee eee a ey ee 
ee a=. 1,912 670 582 56 2 ORF) 4 S69 oS ese: p27. (ih ar eee 
ic | a | 16, 188 | 5,577 | 3,494] 1,126 402 | 8,260 | 14,872 40 | 2,116 | li 


From the footings in the preceding table it appears that the total 
length of 1894 wood measured upon the unsprayed trees was nearly 
twice as great as that measured on the sprayed trees. This arose from 
the scarcity of new growth on this unsprayed wood, hence an equal 
time given to taking measurements upon each tree included more old 
wood upon unsprayed than upon sprayed trees. 
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On the unsprayed trees, prior to the middle of May, the total amount 


of new growth on 16,188 inches of 1894 wood, including the older wood 
from which this arose, was 10,599 inches. On the sprayed trees the 
new growth amounted to 17,045 inches during the same time (two _ 
months) on 8,260 inches of 1894 growth, including the older growth _ 
from which the latter arose. This was a net gain of 215 per cent, 
length of old wood considered, over the growth produced by the 
unsprayed trees. Otherwise stated, the unsprayed trees had averaged _ 
a new spring growth of 7.85 inches per running foot of 1894 wood and 
older, while the sprayed trees had produced a growth of 24.75 inches _ 
per foot of 1894 wood and older during the same time. This shows © 
a gain in growth on the sprayed trees during these two months of 
16.90 inches per foot of old wood. The importance of this matter | 
will appear to all growers who have peach orchards situated where the — 
spring growth represents the major part of that of the season, as is 
true in many peach-growing regions. In such orchards this would — 
frequently represent a reduction of 25 per cent in the annual growth. — 
In the peach, the growing wood of one year is the bearing wood of | 
the next, hence the amount of wood produced would have added sig-— 
nificance. | | 

Considering the total growth of the spring of 1895 from wood grown | 
prior to 1894—the pushing of dormant or quiescent buds—an analysis — 
of the table shows a net gain by the old wood of sprayed trees of 173 
per cent above the growth produced from like wood of unsprayed 
trees. This action of spray enables the grower to renew bearing wood 
on the lower portions of his trees, which is an advantage where trees 
are old or close set and tending to grow upward, or where curl or other 
causes have tended to denude the lower limbs of young and productive _ 
wood. This tendency of Bordeaux mixture to aid in the forcing and | 
active growth of dormant buds was especially well marked in the case 
of a tree sprayed very thoroughly on one side (6 pounds copper sul: _ 
phate, 4 pounds quicklime, 45 gallons of water) and left unsprayed on | 
the other. From the base of the main limbs on the sprayed side there — 
arose 13 shouts from dormant buds during the first two months of | 
spring growth, while the unsprayed limbs produced practically none. _ 
The 13 shoots on the sprayed side had made the following growth to | 
May 17, growth beginning about the close of the first week in March: 


Shoots. I. |». Is hy NOV e hen Via Aes LOS, alle 12, | 13, Total. 


29 | 37 | 46 | 21 | 36 | 36 | 36 | 46 | 22 | 21 


23 | 36 feet Linch, 


Levgeth Inches. one cee nee 36 | 44 


} 


~ — ——————— - _ . - ——— + | 


q 

As shown by the table, the growth coming from 13 dormant buds 
at the base of the main limbs of the sprayed side of the tree during 
the first two months of spring growth amounts to 36 feet and 1 inch | 


i 
+ 
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or an average of over 33 inches for the 13 shoots. That this astonish- 
ing pushing of new basal buds was not due to injury of the top by the 
spray was shown by the immense amount of dark green foliage the 
sprayed half of the tree produced and from the amount and perfec- 
tion of the fruit it bore. It was evidently an aided or stimulated basal 
growth. In table 9 is shown the comparative health or disease of 
the spring wood measured. Where shoots had suffered from disease 
to such an extent that they were enlarged, crooked, or otherwise dis- 
torted or injured by the disease, they were classed as diseased ; when 
not so injured, they were classed as healthy. In respect to this classi- 
fication the table gives the following facts: On the unsprayed trees the 
new shoots measured on growth of 1894 or older amounted to 10,599 
inches, of which 6,703 inches was of healthy wood and 3,896 inches 
of diseased wood, or, in other words, 63 per cent of the wood was 
healthy and 37 per cent diseased. On the sprayed trees the total 
length of new shoots measured on 1894 growth or older was 17,045 
inches; of this, 16,988 inches was of healthy wood and only 47 inches 
of diseased wood, or 99% per cent was healthy and 4 per cent diseased." 

Many peach orchards are cultivated under conditions of moisture and 
nourishment that enable the trees to grow throughout the entire sum- 
mer. In such situations trees badly diseased in the spring are apt to 
so far recover before frost that there is little apparent difference between 
them and the trees saved from curl by the use of sprays. That this 
recovery is not entire, however, is shown by actualcomparisons. Inthe 
Riviera orchard, Live Oak, Cal., were obtained the following records, in 
February, 1894, fron 10 sprayed and 10 unsprayed Crawfords Late peach 
trees. Thetrees are fully described under the following heading of this 


1These comparative records of the length of healthy and diseased branches upon 
sprayed and unsprayed trees fully serve the purpose of comparison for which they 
are here intended. There is another phase of the matter, however, which should 
not be overlooked or misunderstood at this time. A branch classed as diseased does 
not mean that it was diseased or swollen throughout its entire length, but that 
external signs of a diseased or injured condition were noted at some point in its 
course. If it be supposed that one-third of the injuries noted were dead ends or 
other imperfections not due to the infecting of the branch by the fungus, but indi- 
rect injuries arising from the loss of foliage, there remain two-thirds of the injuries 
which may be properly assumed to be due to the infection of branches by means of 
mycelium coming from diseased leaves. There would then appear to be 25 per cent 
of the cases which might be classed as diseased from mycelium infection. As already 
indicated, however, this does not mean that these branches are infected throughout 
their entire length, but show one or more points of infection at the buds. It is 
thought by the writer that not more than 1 bud in 10 is actually infected in these 
diseased branches. If this estimate is approximately correct, the number of infected 
buds on the unsprayed trees would be represented by one-tenth of 25 per cent, or 2.5 
per cent of the buds on the tree. In brief, it is believed that it is rare for more than 
3 per cent of the buds of a badly diseased tree to become infected by the mycelium 
from diseased leaves—in other words, that rarely more than this percentage of buds 
of one year carry a perennial mycelium to the next spring. 
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chapter, and it will here be sufficient to state that the growth on the 
sprayed and unsprayed trees could be fairly compared. The sprayed 
trees were treated with the sulphur, lime, and salt spray in the winter of 
1892-93. Leaf curl developed seriously in the orchard in the spring of 
1893. Thesprayed trees saved their foliage and bore a full crop of fruit 
in 1893, while the unsprayed trees, everywhere surrounding those that 
were sprayed, lost the spring foliage and most of the fruit. All trees 
stood upon moist, deep, rich river bottom land, where growth could 
continue throughout the season. In the fall of 1893 the unsprayed 
trees had apparently largely overtaken the sprayed trees in growth, as 
the former had carried little crop, while those that were sprayed had 

matured a full crop. That the unsprayed trees were not, however, — 
fully abreast of the sprayed trees when growth ceased in 1893, is 
shown by the measurements recorded in February, 1894 (table 11). 

These measurements were made on various sides of each tree, and on 
lower and upper limbs, and as a week was devoted to the work, the 
measurements are believed to be sufficiently extensive to give reliable 
results. 


TABLE 10.—Gain in number of lateral shoots and spurs from old wood on sprayed trees. 


Trees. 
Records. ees 
Sprayed. /Unsprayed. 
Length of old wood, measured in inches, on sprayed and unsprayed trees.. 8, 255 7, 363 
Number of lateral shoots and spurs that pushed from old wood in 1898....... 2, 922 2, 300 
Number of lateral shoots and spurs per — OL O1UWOOGs-- oie Dose aan tee 0. 3539 0.3124 
Gain in favor of sprayed: trees 15:23. Fas s5e Se eee See eae. «a coe .-per cent... 13) 7-Ree ee 


The above table shows that 13 per cent more buds had pushed into 
shoots and spurs on the sprayed trees, in the summer of 1893, than on 
the unsprayed trees. All represented new growth from old wood. 

The following table shows that the length of the new growth for the 
entire season of 1893 on the sprayed trees was 6.4 per cent more than 
that produced on the unsprayed trees. This was in spite of the facts 
that the unsprayed trees were so situated that growth could continue 
until frost and that they had not carried a crop of fruit as had the 
sprayed trees: 


TaBLe 11.—Gain in length of new growth in favor of sprayed trees. 


Trees. 


Records, eee Ss 
Sprayed. |Unsprayed. 


Length of old wood, measured in inches, on sprayed and unsprayed trees.... 8, 255 Ty 363 


LANeth Of TIGW. DIAUCUCE. «a> ova 's'c ods dene cln pa caniceab oe seu vusianh aaae ie aan 18, 174 16, 390 
Length of spurs, estimated at 2 inches per spur..............-c.encccccccccvcnce 2, 692 1,100 


Total length of new growth in INCHES: . oo. ors naveceneacke came swaactene's 20, 866 hy 


Gain in new growth in favor of sprayed trees.............-.se0s2--- per cent. . 6.4 


Inches.of new growth per inch of old Wood s5...c<s sauces ss wdapanee ain meanminy en's 2.527 | 
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The number of leaf buds produced on the sprayed and unsprayed 
trees per lineal inch or foot of old wood did not greatly differ. There 
was, however, a gain of 1 per cent in favor of the sprayed trees, as 
shown below: 


TABLE 12.—Gain in number of leaf buds in favor of sprayed trees. 


—— —-— ae -- - — — —— — — — 
Trees. 

Records, —e 

| Sprayed. Unsprayed. 

Length of old wood, measured in inches, on sprayed and unsprayed trees. ...| 8, 255 | 7, 363 
re are OUGE, oo. <2. nd ndvuts capes eee Rk eR Ona ae be Senaee ae en habe se dee tse 5, 408 4, 763 
Average number of leaf buds to inch of wood............-.....--222ceeeneeees 0. 654 0. 647 
DTT OL EDIOAVEC tLeCS. . . wes u cc ec ceencwesanseeuuecbub ce c en's. per cent.. Delp erro res woth 


The tendency of the new growth to send out lateral branches and 
spurs was much more marked upon the sprayed than upon the 
unsprayed trees, the gain in this case being 109 per cent. This is a 
decided advantage, for the tree is thus enabled to bear a heavier and 
_ more equally distributed crop than where such laterals are few. 


Tasie 13.—Gain in number of lateral shoots and spurs from new wood on sprayed trees. 


Trees. 


j Reeords. ee es eet 

| Sprayed. ‘Unsprayed. 

Length of new wood, measured in inches, on sprayed and unsprayed trees... 18, 174 16, 390 

) Number of lateral shoots and spurs from new wood.............--.-.-.------- 640 * 276 
Number of lateral shoots and spurs per inch of new wood..........-......--- 0. 0352 0.0168 
DIVO SDIB VEU TLCS. ~~... cenc- ore pa sontcn concwedecerde per cent... 109 NS eee ee 


A complete tabular presentation of the data from which the four 
preceding tables have been drawn will be found under the following 
heading. 


THE DEVELOPMENT OF NEW FRUIT BUDS AND FRUIT SPURS FOR THE 
; YEAR FOLLOWING AN ATTACK OF CURL. 


In February, 1894, while the action of the sulphur sprays was being 
considered in the Riviera orchard, the question arose as to the rela- 
tive ability of sprayed and unsprayed trees to produce fruit buds and 
fruit spurs for the year following a severe attack of curl. Many trees 
in this orchard had been sprayed with the sulphur sprays in the 
winter of 1892-93 for the destruction of the San José scale (Aspidio- 
tus perniciosus). The manner in which this work was done furnished 
an excellent opportunity to ascertain the facts desired respecting the 
_ development of fruit buds. It was noted during the early part of the 
_ winter that individual trees, scattered through a 40-acre block of 4-year- 
old Crawfords Late, had become infested with San José scale. A 
careful examination of this part of the orchard was then made, and 
each tree found to be infested with the scale was marked for spraying. 


| 
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Later in the winter Mr. A. D. Cutts, one of the proprietors and the 
superintendent of the orchard, had these marked trees thoroughly 
sprayed with sulphur, lime, and salt, the formula used being as fol- 
lows: Sulphur 15 pounds, lime 30 pounds, salt 10 pounds, water 60 
gallons. 


While this spray was known to be effective against San José scale, — 


it also proved very effective against curl, which developed seriously 
in the orchard in the spring of 1893. The result of the spraying was 
to produce a most striking effect. When the disease developed, the 


unsprayed trees, which represented the major portion of this 40-acre — 


orchard, were almost wholly denuded of foliage and largely of fruit, 
while the sprayed trees, scattered through the block, were in full foliage 
and fruit. This orchard was selected as a very suitable place in which 
to study the relative thrift and number of fruit buds and spurs pro- 
duced on sprayed and unsprayed trees for the year following, and for 
this purpose 20 trees were selected from this block in February, 1894. 
Ten of these trees had been sprayed in the winter of 1892-93, and had 
thus escaped serious injury from curl in the spring of 18938, while 10 
of them had not been sprayed and had suffered considerably from the 
disease. These 20 trees were all Crawfords Late, 5 years old in the 


winter of 1893-94, and similar in other respects, the soil, situation, : 


etc., being the same. 

The work of counting and grading buds upon these sprayed and 
unsprayed trees was begun about the middle of February, 1894, and 
continued for a week, an equal amount of time being given to each tree. 
To make all records as representative as possible of all portions of the 
trees studied, the limbs were measured and the buds counted and classi- 
fied upon different sides of each tree and upon both lower and upper 
limbs. In the selection and measurement of limbs, as well as in the 
counting and classification of the buds, an effort was made to correctly 
represent the conditions existing in all parts of each tree, and of all 
trees alike. After the selection of a limb for study, all wood grown 


— 
cy 


prior to 1893 was measured and the length recorded. Following this — 


all the shoots and spurs of 1893 growth, and arising from the old 


wood measured, were counted and the number set down. All these — 
new shoots, with the exception of fruit spurs 4 inches or less in length, 


were then measured. Records were kept of the length of the new 


shoots, the number of well-developed fruit buds, the number of poorly 


developed fruit buds, and the number of leaf buds they bore. A 
record of the number of lateral shoots and fruit spurs from the growth 
of 1893 was also preserved. The results of this work are brought 
together in the two tables which follow: 
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In the preceding tables, the number of shoots and spurs of 1893, 
which arose from wood of 1892 or earlier (old wood), as well as the 


length of the old wood itself, are classed under the general head of 


new growth from old wood. The measurements of the growth of 
1893, and the number of lateral shoots and fruit spurs, as well as the 
number of fruit and leaf buds the new growth produced, are classed 


under the head of new wood. The buds were counted in a uniform 


manner upon all growth measured, except the buds borne by fruit 


spurs, which are estimated at 3 buds per spur in the tabulated calcula- 
tionswhich follow. The fruit buds have been divided into two classes— 
_ well developed and poorly developed. 


In considering the information given in the preceding tables, only 
those facts having a direct bearing on the fruit buds of the sprayed 


and unsprayed trees will be taken up under this heading. Those 


relating to length of new growth, number of new shoots, and number 
of leaf buds have already been considered under the preceding head- 


ing of this chapter. 


The following digest from the general tables shows that 23,879 fruit 
buds of all kinds were produced by the new growth arising from 8,255 
linear inches of old wood on 10 sprayed trees in 1893—an average of 
2.892 buds per inch of old wood. The average number of buds per 


inch of old wood on the 10 unsprayed trees, obtained in a similar man- 


ner, was 2.686. These figures show that the sprayed trees produced 


7} per cent more fruit buds of all kinds in the summer of 1893 than 

were produced by the unsprayed trees. These were fruit buds for 

the crop of 1894, and upon trees bearing a full crop in 1893, while the 
contrasted unsprayed trees bore very little. — 


TABLE 16.—Gain in total number of fruit buds on sprayed trees. 


————— ____—_ —— 


Trees. 
Records. A eee ES SE 
Sprayed. |Unsprayed. 
Length of old wood, measured in inches, on sprayed and unsprayed trees .... 8, 255 7,363 
eemamner OF iriit DUGS Of all kinds... -.. 2222 2. Se ek pee oe ccc ees 23, 879 19,777 
Deemer Ol HAIN TO. INCH... 2.0 2 ck Bo nn - Sew cece cs ace een nn 2. 892 2. 686 
Gain in favor of sprayed trees ............. Bree bene eR ygs ne ees 2 per cent.. Wels acco aaeet 


The percentage of gain in the gross number of fruit buds shown by 


the sprayed trees is considerable, but it represents only partially the 
advantages derived from the spray. Examinations of the unsprayed 


trees showed that a large percentage of the fruit buds they had pro- 


duced in 1893 were imperfect, many of them being so poorly developed 


that fruit could not be expectedfrom them. The following table shows 
the average number of imperfectly developed fruit buds on the sprayed 
trees to be 0.944 per linear inch of old wood, while on the unsprayed 


_ trees the average per inch of old wood was 1.249. This shows 32 per 


cent more imperfect fruit buds on the unsprayed than upon the sprayed 
trees at the close of the growing season of 1893. 
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Tas_e 17.—Excess of imperfectly developed fruit buds on unsprayed trees. 


Trees. 


Records. 


Sprayed. | Unsprayed. 


Length of old wood, measured in inches, on sprayed and unsprayed trees___- 8, 255 7, 363 
Number of imperfectly developed fruit buds ..........-..-....----.-..-..--..--- 7,792 9, 200 
Average number of imperfectly developed fruit buds to inch of wood ______.- 0. 944 1, 249 
In favor Of unspray ed: trees). 6253.5 a eee ee een eee Der Cent ..2))... sue eee 32 


In comparing the number of well-developed fruit buds which were 
produced in 1893 by the sprayed and unsprayed trees, independent of 
the number of spur buds, it was learned that the number upon the 
sprayed trees was 20 per cent greater, as shown in the following table, 
than the number produced by the unsprayed trees. 


TasLe 18.—Gain in well-developed fruit buds, exclusive of spurs, on sprayed over 
unsprayed trees. ; 


— 


Trees. 


Records. 
Sprayed. |Unsprayed 
Length of old wood, measured in inches, on sprayed and unsprayed trees.... 8, 255 7, 363 
Number of well-developed fruit buds, exclusive of spur buds. ................ 12, 049 8, 927 
Average number of well-developed fruit buds to inch of wood..............-. 1. 459 1.213 
Gain in favor'of sprayed. trees: oe scs8 3 acc2 nie ote wlewselone ieee saaeisicld per cent.. 20 |. ...5.26amm 


Taking the aggregate of all well-developed fruit buds, including the 
spurs, at an average of 3 buds each, the sprayed trees make a still better 
showing when contrasted with the unsprayed. The average number of 
all well-developed buds on the sprayed trees was 1.949 per linear inek 
of old wood, and on the unsprayed trees 1.437 per inch of old wood. 
This shows a gain of 35 per cent in well-developed fruit buds in favor 
of the sprayed trees. These facts are shown in tabular form as follows: 


TABLE 19.—Gain in spur buds and other well-developed fruit buds on sprayed ove 
unsprayed trees. 


Trees. 
Records. , 
Sprayed. |Unsprayed 
Length of old wood, measured in inches, on sprayed and unsprayed trees.... 8, 255 7, 36 
Aggregate of spur buds and of other well-developed fruit buds............... 16, 087 10, 57 
Average number of same pomnch 2505520. 0s eee ilsae vila teen abe te 1.949 1. 43 
Gain in favor Of SPIAV SO TCC io ceed vido ride vind ocisp selene aes ween eels per cent.. Te  . 


One of the most striking contrasts shown by the data obtained in 
these field studies is that existing between the number of fruit spurs — 
and spur buds produced by the sprayed and unsprayed trees in 1898 
There was a net gain in the number of fruit spurs and spur buds 0 
the sprayed trees of 118 per cent above the number produced by 
unsprayed trees, a fact that should certainly appeal directly to 
business faculties of every grower of peaches. It should also 
remembered that these sprayed trees had carried a crop while pr 


i 
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ducing these fruit spurs for the following year, while the unsprayed 
trees had borne but few peaches. The facts here discussed are shown 
in the table that follows. 


TABLE 20.—Gain in number of spur buds on sprayed over unsprayed trees. 


ee OP Maaes acacia 

| Trees. 

hy Records, , 

Sprayed. | Unsprayed. 
} meneth of old wood, measured in inches, on sprayed and unsprayed trees. . . | 8, 255 7, 363 
ETE ISITG «cop ap oan cea eR RS A hans Seka cakunb eee « 1, 346 550 
Number of spur buds, estimated at 3 buds per spur.................-.2-----05- 4, 038 1, 650 
ena aT. sours. per inch .....vsccsence dee eeaennmn> vbun mabaw Os ss0ear ee 0. 163 0.075 
meewerage number of spur buds per inch....... eee cece ce we cece wees ces eeccce 0. 489 0. 224 
MOOG: AOTAVCH tLCCN .... . .. i. veeneessuebneeeebesave omen e ees per cent... SORA pect eons 


Besides comparing the number of fruit buds produced in 1893 by 
the sprayed and unsprayed trees, it is desirable to contrast the bud- 
producing abilities of the upper and lower portions of these trees. 
It is generally conceded as desirable that the crop of a peach tree should 
be borne as largely as possible upon the lower limbs, and anything 
Bec: to this result may prove of value. Peach leaf curl, being due 
toa fungous parasite, has a tendency to do more injury to the lower 
than to the upper portions of the trees affected. The atmospheric con- 
ditions are more favorable for the germination of spores and to fungous 
growth in the lower and more shaded portions of the tree, and the 
lower branches accumulate greater numbers of fungous spores than the 
upper branches. In the following table it is shown that the total number 
of fruit buds produced by the lower limbs of the sprayed trees was 7 
per cent greater than the number produced by the upper limbs, com- 
paring equal lengths of new wood in each case. On the unsprayed 
trees, however, the upper limbs produced 5 per cent more fruit buds 
per linear unit of new wood than the lower limbs. This shows a 
difference of 12 per cent in favor of the sprayed trees. The tabulated 
figures are as follows: : 


TaB_e 21.—Gain in total number of fruit buds on lower limbs of sprayed trees over those 
of unsprayed trees, as compared with upper limbs of each, respectively. 


Ps Trees. 
Records. 


Sprayed. |Unsprayed. 


Length of new wood, measured in inches, on upper limbs...............-.---) 10, 964 9,770 
Length of spurs, estimated at 2 inches per spur ........................------.| 1, 358 554 
Total length of new wood on upper limbs..........................-.--- | 12, 322 10, 324 

+ Length of new wood, measured in inches, on lower limbs..................-- 7,210 6, 620 


Length of spurs, estimated at 2 inches per spur..................---2-2------- | 1, 334 546 


Total length of new wood on lower limbs................--.-.:-.--.-.-- 8, 544 7,166 

Total number of fruit buds on upper limbs...................-2-222-eeeeeeeeee | 13, 724 11, 901 
otal number of fruit buds on lower limbs.................------2----2------- 10, 155 7, 876 
Average number of fruit buds per inch on upper limbs...................-.-- 1.114 1. 153 
- Average number of fruit buds per inch on lower limbs .................-..--- 1.189 1.099 
‘Gain in favor of lower limbs on sprayed trees ...............-.----- per cent.. YES eee Rae ke 
in favor of upper limbs on unsprayed trees ...............-------- CREE ES Stee 5 
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By contrasting only the well-developed and spur fruit buds it is— 
learned that there was 14 per cent in the number of buds in favor of 
the lower limbs onthe sprayed trees and 4 per cent in favor of the 
upper limbs on the unsprayed trees. This showed a difference of 18 
per cent in favor of the lower limbs of the sprayed trees. The entire 
comparison is given in the table which follows: 


TABLE 22.—Gain in number of well-developed and spur fruit buds on the lower limbs of 
sprayed over unsprayed trees, as compared with upper limbs of each, respectively. 


—_—. 


Trees. 


Records. ~~ _ 1S 

Sprayed. |Unsprayed. 

Length of new wood, measured in inches, on upper limbs ...............-.--- 10, 964 9,770 
Length of spurs, estimated at 2 inches per spur .....-.--2..--05. 2-00 -eseeeeee oe 1, 358 554 
Total length of new wood on upper limbs......:-2.2.2.2055.0---e505se-¢ 127322 ~10, 324 
Length of new wood, measured in inches, on lower limbs ........--.-..----- Fed 7,210 6, 620 
Length of spurs, estimated at 2 inches per spur... ...-2 =. 2-2-2426. +--+ eee aeaes 1, 334 546 
Total length of new wood on lower limbS... ...~.. .<-40-2es--5 $< -554sceo0 8, 544 7,166 
Number of well-developed and spur fruit buds on upper limbs ..............- 8, 975 6, 340 
Number ol: same'on lower limps: 2.3.02 eee ee oe pode eee ee a eee Vella se 4, 237 
Average number of same per inch on upper limbs .....................------- 0. 728 0. 614 
Average number of same per inch on lower limbs ...............-....2-.--208 0. 8382 0.591 
Gain in favor of lower limbs on sprayed trees ................-.---- per cent.. 14: |. 2.33. 2a ‘ 
Gain in favor of upper limbs on unsprayed trees........-...-..----+---- 0.3.21. 4.40 4 
Difference ir favor ol sprayed (Fees... 6. x2. nse nwinmann din hips ban eaidieers fe eee Se 


CHAPTER VI. 
INFLUENCE OF SPRAYS ON THE FRUITING OF THE TREES. 


THINNING THE FRUIT OF SPRAYED TREES. 


The general discussion of the spray work conducted in the Rio Bonito 
orchard will be found in Chapter IV, and it is therefore not necessary 
to review these matters here. As soon as growth was well started 
in this orchard in the spring of 1895, it became evident that the fruit 
would have to be thinned on a portion of the Lovell trees comprising 
the experiment block. The peaches were setting thickly on both 
sprayed and unsprayed trees, but as leaf curl developed, the young 
_ fruit upon the control trees began to fall, while that upon the sprayed 
trees remained firmly attached and grew rapidly. 

| When the young peaches had reached the size of hickory nuts, and 
“the pits were forming, the danger of dropping from curl had passed, 
and the thinning of fruit on overloaded trees was then undertaken. 
To enable the writer to make just comparisons of the merits of the 
various sprays in saving fruit, it became necessary to carefully record 
the amount and number of peaches thinned from all trees in the experi- 
ment block. Thinning fruit is an equalizing process, and to equalize 
_the crop upon sprayed and unsprayed trees or upon trees treated with 
| different sprays, would be to destroy the contrast in the amount of 
fruit arising from the use of different formule. This would result in 
the loss of the very facts which it was hoped to obtain from the experi- 
-mnents, unless records of the fruit thinned off were preserved. For 
the preservation of such records the following plan was adopted: 
Canvas sheets of large size, commonly used in the harvest of the almond 
crop in the same orchard, were spread beneath the trees to be thinned. 
The young peaches were allowed to fall upon the canvas as picked, and 
| the canvas was moved as necessary. The fruit thus thinned was 
poured from the canvas into picking boxes beneath the tree from which 
it was thinned. By this plan the fruit thinned from each tree was 
kept by itself. After an experiment row of 10 trees had been thinned, 
the fruit picked from each tree was separately weighed and the weight 
_ recorded. From 3 trees of the row sufficient fruit was now taken to 
amount to 25 pounds. The peaches in this 25 pounds were then 
_ counted, the number entered with the other records of the row, and 
on this basis the average number of small peaches per pound for the 
Tow was determined. By multiplying the number of pounds of young 
| peaches thinned from each tree by the average number of peaches 
| per pound, as above obtained, the writer was able to determine quite 
| accurately the number of peaches thinned from each tree of the row. 
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When the work on one experiment row was completed, the fruit from 
a second row of 10 trees was gathered, weighed, and counted in like 
manner, and this process was followed for each row of the block which 


required thinning. 


From the field records thus gathered two tables have been carefully 
compiled, the first showing the actual weight of young peaches picked 
from each tree thinned in the block, and the second the computed 
number of peaches which these weights represent, as determined by 


the above-described method. 


TABLE 23.— Weight of peaches thinned from the sprayed Lovell peach trees in the experi 
ment block of the Rio Bonito orchard in the spring of 1895. (a) 


PEACH LEAF CURL. ITS NATURE AND TREATMENT. 


Average 


Actual weight in pounds of thinned Number Total 
peaches from trees Nos. — Total of number | number 
R * weight of of 
ow No. peaches of 
peaches anon peaches peaches 
1./2]3]4]5]6] 7] 8] 9. /20] "| pounds. | .ding | Per rows 
Pounds. 
5 Se ee 15 | 163] 18 | 33 | 203} 223) 27 | 45 | 50 | 35 282} 482 19, 28 
PARE ea Osa pte baad Badd obo loseel = st aiew «|= 0's] wine |lere'm =| sles em lele nw m wine e lee ee ee 
Beeb Ret Cee 27 | 22 | 15 | 20 | 223) 21 | 303) 163) 29 | 16 2193 550 22. 00 
ER Ae aera eos Soh Sone Bae) Peas Gees seas bacc oper isccsisrsscssocoianascscaccilecccccccecss ol 
Re Rete Pasay aye PRS Ws ane py ka Ae See One cere pore ponseeeas sere see 
62 185) 0°25) AO Gillon) sSaie212) \59) 9) 6s *121 486 19. 44 
| eae ae ea SS cy 2m 3} 12 #) 15 | 6 3} 82 wie 484 19. 36 
Oe pee ee eer een Moc eine) sree wee |leleee| soci [a e'aie|iersisic|'s «cen cin sella «eae 'slejarel| aye =e eee 
gE rea as 36 | 21 | 15 | 133] 183) 25 | 36 3| 6 4 185 522 20. 88 
GLE oe rt eS 30 | 303) 24 | 10 | 17 | 25 | 40 | 193) 17 | 203 2333 466 18. 64 
| ee eee Se eee Ss eer sore mer) Sto ane NAne eee Eemmseeroc emoooa sec s2-- 5 
An es ee 31 | 13 | 3] 10} 6 | 16%) 13) 195) 103) 225 1833 511 20. 44 
i eee ees 233| 144) 2 #| 18 | 133) 7%) 25] S35! S$ 93 495 19. 80 
g URE ee ees rs) ee ee neal ene Ses ero (st ace Seon BORGO S SOO |SOGDOn msm oilsacscb-ace 
PSS Boa GS ee 82 | 44 | 27 | 31 | 24 | 40 | 45 | 23 | 293) 22 3673 528 51, 19 
Me A eEee en 203} 6] 15 3} 93) 5 | 17 | 173] 14 | 18 121 496 19. 84 
I Fa eee neon) arse Beas eoec jase Peactlee BH bebo bone Saco) SeScl pseeomescciacedoboscsloscasc co a 
jbo = ae eae BO oA QO GI RI6 HLTA 28a elO se Os La ee 150 504 20.16 
Oe ie oe = 941.35 ||.295|- 16 2o0 | 14a Ts aaa y 2 186 486 19. 44 
71 DS Pe yer ae |e Fe [phat eaciey (Gero I ww ela ece|se en] cec|eccclscameccs cele aces be =] eit alae an 
1 Se eee ae ee ee 68 | 48 | 26 | 28 | 483) 49 | 58 | 21 | 293) 613 4373 484 19. 36 
BF 09 Son. SO 33 | 51 | 35 | 21 | 35 | 58 | 41 | 22 | 29 | 60 385 472 18. 88 
7 Pe a Rae eee ane Oooo (sono cco Sane feral oaollsona||semanaesacinsseericgoc scone cc sc 
Ce re se eerie ere mett ainnte xenis ete Ses Face ens|'e oeicle cee] sine oll ccs slic o occ = = = 5eif simeim aloe mtstet ete eee 
725 FE a py EE es 42 | 20 | 22 | 18 | 28 | 21 | 37 | 38 | 43} 51 320 449 17. 96 
DS See ses eS ee eel hs caleaisa|e a nieleeinel eimtemllemictelie wwe] ew ce |c ccc] einm oll aie uinine emis «\|iniccc oie atale e | arere aieteeee 
if ae eee Epes ae 34 | 34 | 35 | 11 | 14 | 35 | 380 | 22 | 21 | 23 259 495 19. 80 
9+ Oe tay eas ep 18 | 21 | 32 | 29 | 31 | 33 | 34 30 | 63 | 50 341 421 16. 84 
7; Re panes 6 Ia SA nebo ey siti wisi] oisieyai gs ifieisin'= lee a= Ile mace fm sini <n e's ats lel > i ee | 
BO. eee tee ciees 55 | 49 | 42 | 43 | 60 | 43 | 41 | 35 | 70 | 86 524 487 19. 48 
2) UE Pere ees eta s Ses meonlbe aia) = mie'el|lein'ave |'a\ea:s|e'e =| = @/5!|im warm [aw =o re wie /mi| ous wie © pitas | nee ae eee 
Bihan s Sacer OL |} MO) US sO eal te ate Sesh eiaierell mcstere 159 514 20. 56 
BAe 26 see 47 | 51 | 34 | 40 | 22 | 39 | 383 | 29 | 39 | 47 381 483 19. 32 
ey oy eee en cy pee A Re) Ae Bie See See Pee nae ual 
EE a Rt are 62] 68:| 28 |...) 57 | 42) 465) 87 | 4/62 466 522 20. 88 : 
BO id atw wee eee 23 | 35 | 14 | 10 | I1 | 31 | 26 | 31 | 28 | 46 255 480 19. 20 
7s ape ae ace Sale el sees ee liae Jae oun |eceieelicn se] s scale] aicas |nie scl» @ ae ecelmiee ollie wa = =e arctan m/e ayaa ea 
Ee SEAS 15} 6) 6) 8 | 10.) 22 | 26) 174 15 | 25 150 553 22.12 
LE Re eee eee © 40 | 26 | 39 |....|....| 87 | 84 | 29 | 34 | 27 266 547 21. 88 
ON Ree eee Src Spon Pa eal: one |e ase 0 | mnie ells @ sellin wlies mk |\e eye m [9:00 © min mw. | matin sare he 
PS Nahi Sr EPR red 54 | 52 | 27 | 24 | 26) 12 | 27 | 8 | 85) 28 293 508 20. 32 
Dc vino a'wo av clnm'awe u|o0,0 4 | = nee] s o\0'e | o0.0[e,0%:0\|ntivie |e oo | w'eren'| io. ~il'e ap ilim sae .c)y en i et] im, wettest ne 
BB con wcinecancdie so aleuwalc ns olessol wo adllewns|eacla'|sla sp |in etme 'e.a'm| «a simlla ee 6 mami mini qo ica me aie ee 
eA ore cea chee ain Sete 6)-8 411 Je | GOR BE | ed ed ees fe cic 36 537 21. 48 
1 PPO Ee PPS 25} 28 1 2 i T1422) e206 27 a 196 504 20. 16 
0 A en eA Oe PSS ER GR tio Serene ern eect [oer ise) eared a 
1 PPR OE Os Obie) Oc «oclepas|rewalence|scnu|oens| sion |acan mu « hind) «a's 6 @ 5s eint inlet 
OO eee es oad cintiole BR) 38.4) SDN cn acl data ak 8] 4 33 511 20. 44 
a eM Die Wi Wie Dal bd Waid ap cia east 
Shah. faeds 203 eek 15 | 22) 8 | 12 | 11 | 12 | 12 | 18 | 18 | 17 140 583 21. 32 
Ee POPPE | CER PF A Per Pete ore ent iors Pere reine : maeccecrersre 
OU Aare San ager ce} IES bis) ae BPP PP Ce rr Geen een Scercce me omerinrecaerrrmrciiccss 
LA ree ye oe 30 | 34 | 44 | 18 | 17 | 27 | 80 | 21 | 86 | 17 274 508 20. 32 
BS cine ce cece ae dole wn] ae val ta solo c.c.0'] vm s'ale dane sin aliete’y oll “eccreilies nipiin.c weil ou 's platen lth pier dam ig ete trata a 
PO eee en oh re eae 22 | 40 | 44 | 18 | 17 | 27 | 80 | 21 | 86 | 17 272 520 20. 80 
EAA Pr berry Pee 21 | 85 | 16 | 20 | 11 | 19 | 20:| 29 | 82 | 87 240 547 21.88 
BE onic be Fade cena diumah law ael ea eal © ose) em e'e lea op lin ioe |edimte, allan ml otainci ela e trains Ria |e ae teen | 


a¥or plat of orchard see p.69; for sprays applied see p. 73. 
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By referring to the above table it will be seen that only those rows 
which were sprayed in the spring of 1895 were thinned, and that a 
portion of these required but little thinning. The reasons for this lie 
in the severe action of the disease upon the unsprayed rows and those 
sprayed with weak or unsatisfactory sprays, in which cases the fruit 
fell from disease. The table shows the weight of thinned peaches per 
tree, the total weight of peaches thinned from the row, the number 
of peaches contained in 25 pounds, the average number of peaches per 
pound, and the total number of peaches thinned from the row. 

In the table which follows the pounds have been reduced to show 
the number of peaches, the reduction being made according to the 
method already described. Comparison of the total number of peaches 
thinned from the separate rows, as given in the two tables, will show 
slight variations in the units column in several cases. These varia- 
tions arise from the gain or loss in fractions resulting from the use 
of the different methods which it was necessary to employ in obtain- 
ing the figures shown in the two tables. 


Taste 24.—Number of peaches thinned from the sprayed Lovell peach trees in the experi- 
ment block of the Rio Bonito orchard in the spring of 1895. (a) 


es Number of peaches thinned from sprayed trees Nos.— 


Total. 
“ga 1 2 3 1 se ee Rely g 10. 

0 ee ee a 

a 289] 318) 347| 636} + 390| 434) 521] 868 | 964| 675 | 5,442 
ae SIRs ae Bee Ia mk (Ree Re een iyo) ical a Mae 
Beco. bad | “484 |" ""330 | "7-440 | 495 "462 |" o7i |” 363688 |" "352'| "4, 829 
a tt ee ee ed VN ic 1h, o col counane 
[eae 350 39 | "298"|7"'i7"|"" "292 58 | 418 97 | 369 | 321 |” "2,353 
Terese 329 484) 213| 145/ 232] 184) 290/ 116) 106| 165| 2,264 
ae ee mi as) 33 \ | 282 | oy ee 522| 752] eae 125] 157 | 3,863 
| eee 559| 569| 447! 186| 317| 466| 746] 363| 317| 382] 4,352 
— | 634| 266| = ee 204| 123] 7 Sia Thies 399 | 215 | 460 | 2,730 
1B. 465 | 287 40 50| 356| 267] 148 50 69| 109] 1/842 
eo.) 1732, 929 | 570 | 655 | 507 | 845 | 950 | 486] 623 | 465 | 7, 762 
16.20 7] 119] 298 69| 188 99| 337] 347] 278| 258] 2/400 
ae 645] 343] 524 | 393 | a3 | i61| 202 | 121 | 7 81] 3,025 
re 467| 680| 564| 311| 486] 272] 253] 214| 136| 233] 3,616 
eee) 1316) 929| 503| 542 | 939 | 949 | 1,123] 407 | 571 | 1,191] 8,470 
Bea 93| 661| 396| 661] 1,095] ‘°774] 415| 548| 1,133] 7,269 
eae OE ARS Naa Gt Ei ie alaalinettl Raith amOaieal Mikiainen Dreaiees Namal 
Bene. 74 | 359| 395 | 323 | 503 | -377| ~~ 665| ~~ 682 | + -772| 916 | 5,746 
eel eee 673|  673| 693| 218| 277|  698| 5941 436]  4i6| 455 | 5, 128 
Bee 303{ 354] 539| 488| 522| 656] 573]  505| 1,061| 842] 5,743 
80.02.22... a 955|  818|  838| 1,169} 838| 799 | 682 | 1,364] 1,675 | 10,209 
eel 637| 308] 370| 411] 452|  370| Seo | i ee er 
33.022 98| 985] 657| 773| 425| 753] 638] 560| 753) 908 | 7,360 
| 1,955) 1,315| rh CES ee ee 8 eee 960 | 1,190 | 1,128 | 1,295 | 9,730 
36-00-0222. 672| 269] i192] “211| 595] 499] °595| 538 4 896 
ae 332 | cS =) 7} 21 | 487 | 575 | 376 | 332 | 553 | 3,319 
B20 ere 2. sees aa s10| 744| 635| 744| 591] 5,821 
foes... "1,097 | 1,057 | 49 | 488 | 598] 244| 549| i63| a oe 569 | 5,955 


Seoecevi{ecereses{(seecseccceju~cccseec|ee ew seecl[oesescceci[eeoseescci|eceecese|e cee scccfecsccescisceccsceciecsccese 


a For plat of orchard see p. 69; for sprays applied see p. 73. 
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Taste 24.—Number of peaches thinned from the sprayed Lovell peach trees in the experi- 
ment block of the Rio Bonito orchard in the spring of 1895—Continued. 


Number of peaches thinned from sprayed trees Nos.— 


ate Total. 
No i Z 
1 2 3 4, 6-6 7 8 9 10 

a | | — ne 
,: Se emeed Wee aN | Pepe rr see eek SEY Nee as Le etal dete Avil ie eee | «1» wn:nie sient a dala 
ite eae 129 172 | 236 107 i Re dF EP Se 773 
A a 504] 464] 423| 222 444 343 403 323 544 282 | 38,952 
AG. Be EE clk ee he 
7; nn Meenas Weieiert is Weis ae rai (Sie nae sla eee ERE PRN ENT 
he eae 143 7d MS i See) A Cape Ae ed 8 ot oe 164 82 675 
rae eae re (Fee ET | pnts minipcifapsteiemaln ane Se.nie | nan nips fereen feeb ee 
7 enn Weennan Mian: On! AG kara ares me eh 
= er oa 320 469 171 256 235 256 256 277 384 362 | 2,986 
FMRI pied CPLA Ge) Tae oI ER LOSE Reps ere pee een 
Bonne ccc cca wmthes Jhc aothecuaten colle we teks becined dec] ohelegeee re WO Cie tel eae a 
oe a 610 691 | ~ 894} 366 345 549 610 427 732 345 | 5,569 
Ddecccoccceclec cece cele cc ew ewelevenccesi oes cowas|c enc ccs s|cs wen .n.w =] 2.06 6m, 6 «| © a6 (0 — 5)5\=] mim oie a = wih mimi ee eee 
ee es 458 | 832 915 | 374 354 562 624 437 749 354 | 5, 659 
ee ae 459 766 350 438 241 416 438 635 700 810 | 5,258 
BB cle save alone ces ce looks le cofecil Access cOR cope See Seal eae ae ale cer ee 
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The fruit of the Lovell variety ripened rapidly in the Sacramento 
Valley after the middle of August, 1895. On the experiment trees a 
large portion of the crop was sufficiently matured for shipment to the 
canneries by the 20th of that month. By that date the plans had 
been made for the gathering of the crop, which work was completed 
before the Ist of September. The fruit was gathered at two pick- 
ings, the second picking beginning shortly after the close of the first. 
The crop was marketed in three ways: 

(1) All perfect peaches above a standard size adopted by the can- 
neries, and sufficiently firm to bear shipment by rail from Biggs to 
Oakland, Cal., a distance of about 140 miles, were sold to a firm at 
the latter point at $30.80 per ton, f. 0. b. cars at Biggs. This fruit 
comprised about 54 per cent of the yield of the experiment block. 

(2) All perfect peaches of canning size which were too mature to 
bear the delay and long shipment by rail to Oakland were shipped to — 
a cannery at Chico, Cal., a distance of about 30 miles. This fruit 
brought $30 per ton, f. 0. b. cars at Biggs. It comprised about 30 
per cent of the yield of the experiment block. 

(3) Such fruit as was below cannery size, overmature, or imperfect 
in any respect was sent to the drying ground to be dried. In the eal- 
culations of the present work this fruit is valued at three-fourths of a 
cent per pound in the green state. This is less than the equivalent of 
dried fruit was worth at the time of curing after allowing for the cost 
of drying. The fruit sent to the drying ground represented about 16 
per cent of the yield of the experiment block. 

The work of gathering, weighing, and grading the crop of the 
experiment rows was carefully systematized. As before shown, the 
experiment block was 20 trees wide from east to west, and through 
the center from north to south a driveway was made, so that the rows 
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DESCRIPTION OF PLATE X. 


Experiments at Biggs, Cal. (Bordeaux mixture.) Fruit gathered from row 15 of 
the experiment block of the Rio Bonito orchard in the summer of 1895. The formula 
for the spray used on this row was 6 pounds copper sulphate, 15 pounds quicklime, 
45 gallons of water. The 10 trees of the row matured 4,351 pounds of fine peaches, 
which are shown in the picking boxes. The trees of the adjoining unsprayed row, 
No. 14, bore only 928 pounds. The value of the fruit matured on row 15 was $60.02; 
on row 14 it was $13.24, a net gain from spraying 10 trees of $46 after allowing for 
the cost of spraying. This gain resulted after more than one-third of the peaches 
had been thinned from the sprayed row, while none had been thinned from row 14. 
The total number of peaches set by the trees of row 15 was 21,272, by those of row 
i4 it was 2,855. The comparative average net gain shown by the spray used on row 
15 was 619 per cent. 
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on either side were 10 trees long from east to west. One picker was 
assigned to each tree of the row across the block, thus making ten 
pickers on each side of the drive, or twenty in all, and an extra man was 
assigned as superintendent of the twenty pickers, to see that all instruc- 
tions were carefully carried out. Every man was instructed to leave 
all fruit he pic ‘ked beneath the tree from which it was gathered, pick- 
ing boxes having been previously distributed for this purpose. 

The work of picking began at the south end of the experiment 
block. When the fruit which was suffic iently matured had been 
gathered and placed in the boxes beneath a tree, the picker proceeded 
to the next tree north, thus following the same north-and-south row 
until he had passed entirely through the block, and when each man 
had thus completed his nor th-and- south row the entire block had been 
picked over, the fruit being beneath the trees from which it came. 
The first and second pickings were conducted in this manner, but the 


_ second was not begun until after the first was completed and the 


gathered fruit had been removed from beneath the trees. 
The process of collecting the fruit of the first picking began as soon 


as the pickers had completed an east-and-west row and had proceeded 
tothe next row toward the north. Four men were employed to collect 


and weigh the peaches—two to collect the fruit in the orchard and 
two to weigh, count, and keep the records. The fruit was brought 
from the east and from the west to the central driveway on a low plat- 


form wagon drawn by one horse. The boxes of fruit gathered from 


the 10 trees of each experiment row were piled at the side of the 


driveway, close to the last tree of the row. The boxes of fruit from 


each tree were also distinguished by means of cards bearing the 


number of the tree from under which the boxes were taken (PE x: 


The weighing began as soon as the fruit from the 10 trees of an 


_ experiment row had been piled at the side of the centraldrive. Plat- 
form scales were placed ona level base close to the fruit boxes, and 


the fruit from each tree of the row was weighed separately. The gross 


| weight was recorded for each tree, as well as the number of picking 
| boxes. The average weight of the picking boxes used was afterwards 


carefully determined, and from these data the net weight of fruit was 
ascertained and tabulated for each tree of each row of the block. 
After the weight of fruit for each tree of an experiment row was thus 
learned, 100 pounds of peaches were weighed out from typical boxes 
of several trees of the row. The number of peaches in this 100 pounds 
of fruit was then ascertained by counting, the number being recorded 
with the other data for the row. The fruit of all the experiment rows 
was weighed and the average size of the peaches determined by count- 
ing, as here indicated. 

Following close after the weighers came five or six sorters. These 
men graded the fruit, according to the requirements already outlined, 
into three classes—one for an Oakland cannery, one for a Chico can- 
nery, and a third class for drying. These three classes constituted 


rs 
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really but two qualities of fruit—a first quality for canning, and 
second quality for drying. After the fruit of a row was graded 

‘areful count of the number of picking boxes of each class of frui 
was made, and the numbers recorded. From these figures were deter: 
mined the proportions of the total yield of the row which belonged t 
the different classes of fruit. The same process of picking, collecting, 
weighing, counting, grading, and recording was followed for the 
second picking as for the first. 

In the following table are shown the net weights of fruit gatherec 
at the first picking from each tree of the entire block of 58 experi 
ment rows, with the total weight for each row. 


TasLe 25.—Weight of peaches of first picking from the Lovell trees of the experimen 
block of the Rio Bonito orchard, gathered in the fall of 1895. 


Weight of fruit, in pounds, gathered at first Total net 
tah icking from tr = : Number | Avera 
Row No. 2 ee Ce wee of trees weigh 
rials latelel2ts | 9 | 10. )4nrow. |= 
| Pounds 

eso Se esse oe 75 | 109 | 142 | 207 | 147 | 118 | 262 | 190 | 180 |} 140 1,570 

» tN Se a ae 51 | 89 | 122 | 1387] 54| 111 | 90|:140| 165] 48 1, 007 9.5 

2 ee Ae Se eee 164 | 121 | 140 | 147 | 157 | 179 | 289 | 241 | 200| 49 1, 687 10 

1 eS eee eS 69 | 71 | 129 | 31 | ~57 | 120°). 87 | -4/ 69) -34 741 9.8 

Sea aaa DA nr Cie! 56 | 73 | 140 | 159 | 100} 64] 66 810 10 

Goo* Oe oe tt 190 | 75 | 193 | 175 | 228 | 97 | 212 | 212 | 237 | 204 1, 813 10 

( Plast oe laictaaks ee 88 | 267 | 139 | 169 181 | 183 | 180 | 222 | 169 | 110 1,708 10 

ea eet os S120") 22 | 0 e 39.) 16h.) Tab) 289" eh kb 068 10 

| a ee 259 | 271 | 162 | 202 | 218 | 248 | 233 | 234 | 153 | 121 2,101 10 
ts ee ee ee 216 | 275 | 332 | 89 | 219 | 240 | 249 | 297 | 467 | 169 2,553 10 
1h be Soe SE eee aot 6> | 71 | 30 | 86) (83 | 107 | 114°) 41") 166") “70 833 10 
Nese Se eee k spel es 229 | 166 | 111 , 191 | 304 | 154 ; 247 | 168 | 240 | 147 1, 957 9.4 
DD nee ee oo Se 232 | 192 | 200 | 70 | 161 | 203 | 209 | 187 | 145 | 77 1, 676 10 
LCR eae rege eee 121.) 55 | 114 | 109 | 47 | 114 ,|- -91.|-114.|- 47) 32 844 10 
5 UE Asai me pee pees 492 | 357 | 538 | 253 | 474 | 474 | 578 | 340 | 453 | 273 4, 227 10 
Mi sto os Ee ee 157 | 112 | 303 | 87 | 298 | 216 | 451 | 235 | 291 | 198 2,348 10 
(2 Een EL 1838 | 56) 55] 52] 88] 119| 58) 89} 44) 21 715 10 
1b poe wre! ce ae 383 | 241 | 322 | 242 | 341 | 233 | 296 | 144 | 288 | 119 2, 609 10 
gL Benen eases = 251 | 324 | 365 | 144 | 331 | 364 | 245 | 201 | 189 | 180 2,594 10 
7: |e eee ee aL Bl {\ $99 4 110° |108) | “S23). Bess So) 1s 2a ees sae 574 10 
7A Nl Sie ipa Sere 426 | 438 | 470 | 405 | 498 | 431 | 617 | 252 | 3438 | 427 4, 307 10 
71 le eR ol So A SO 384 | 524 | 539 | 257 | 544 | 556 | 469 | 324 | 382 | 346 4,275 10 
2 eee ae 22) 80] 88/] 54] 62| 95| 75] 38] 105| 53 672 10 
DAP Fite detec oe 65 | 50] 65] 48) 438| 52] 48| 56) 24] 96 547} ~. 10 
2d ae eee ee 380 | 236 | 386 | 180 | 426 | 424 | 565 | 459 | 285 | 430 3, 771 10 
DB cn tometks sooner 70 |121| 71} 16| 19| 62)109|} 96| 49| 45 658 10 
Pe ata Maes aire 345 | 400 [438 | 116 | 166 | 425 | 513 | 290 | 206 | 217 3, 116 10 
a pte Sie rages oiaicctee 313 | 385 | 573 | 298 | 400 | 489 | 489 | 379 | 421 | 379 4,126 10 
2o Len sien, sapere 29} 36| 98| 64] 60| 90} 33; 95) 25) 46 576 10 
Cea Ne Ameer, 188 | 198 | 237 | 258 | 323 | 219 | 296 | 318 | 236 | 342 2, 615 10 
Ph ee dinate sien 71 | 152 | 127 | 184 | 149 | 179 | 111 | 199 | 215 | 215 1, 552 10 
“ye a ie le aie 177 | 189 | 182 | 252 | 315 | 218 | 209 | 298 | 299 | 243 2, 282 10 
OE a ee ere 283 | 271 | 159 | 401 | 250 | 378 | 428 | 429 | 387 | 208 3, 189 8 
OE Se me ee 87 | 128 | 94) 538] 107 | 148] 79 | 183 | 127 | 146 1, 102 10 
Opera er tere oa 398) | 201 || 2876)... 563 | 491 | 597 | 590 | 424 | 448 4, 084 8.6 
BO en oe ane take He 298 | 213 | 129 | 144 | 188 | 354 | 365 | 365 | 315 | 310 2, 681 10 
Ea ee Ape ite 80 | 96| 69] 27] 198] 84 | 127 | 163 | 188 | 143 1,125 10 
ttéia tsa ai neo arine aia 246 | 91 | 140 | 166 | 273 | 234 | 284 | 341 | 274 | 403 2, 452 10 
BOs. seine sess sees 283 \\ 1o4 |; BBO) | oss al eee 384 | 439 | 461 | 339 | 414 2, 804 8 
7 | | OSE Pe Cee re 185 | 128| 65) 59] 69] 49| 53} 47 | 114 | 222 936 10 
Ck RS eee eS ee 412 | 268 | 274 | 451 | 430 | 200 | 410 | 305 | 314 | 400 3, 464 10 
OR ae Pt eee 287 | 176 | 128 | 157 | 179 | 145 | 228 | 119 | 299 | 211 1, 924 10 
Oe eB Ean See 92 85 | 108 | 32 Bo Weta O71 I28aleib2 4) Se 655 10 
Ba dake safes sae Ae 171 | 150 | 246 | 168 | 70 | 164 | 139 | 281 | 182 | 226 1, 742 10 
Ae cite weet creas 328 | 220 | 296 | 222 | 510 | 324 | 413 | 363 | 326 | 286 3, 288 10 
PSR cerry er 52) 87| 64|107/ 90} 56| 42] 738) 103} 58 727 10 
BUR ese ccs deak sean 130 | 149 | 189 | 118 | 228 | 116 | 105 | 169.} 190 | 228 1,572 10 
fs EP Ret aif 97 | 155 | 187 | 106 | 117 | 79 | 182 | 142 | 151 | 181 1,347 10 
(EPO Re 77 | 91 6] 9 | 78| 60|] 86| 41 74 | 32 695 10 
EAB Waa eee 250 | 284 | 214 | 147 | 107 | 120 | 118 | 229 | 295 | 350 | . 2,114 10 
2) EE Ree ieee. 264 | 330 | 277 | 263 | 247 | 207 | 251 | 198 | 299 | 310 2, 641 10 
IE See 162 | 99 126 | 185 | 147 84 |} 25] 68) 94) 132 1, 067 10 
GR or eta oie atoiatd paca 2 140} 68) 62)|105| 54) 68) 44 73 | 90) 654 753 9.6 
54........---------| 337 | 457 | 449 | 443 | 311 | 421 | 892 | 408 | 294 | 285 3, 797 10 
2 eS eae ee 938 | 166 | 97| 80] 45 | 158 | 187| 67| 92) 94 1, 024 10 
Pb aya ate Sly male 336 | 361 | 314 | 415 | 294 | 181 | 244 | 381 | 268 | 504 3, 298 9,5 
B72 cecccsccccsece| S00 | 400'| 277 | 859 | 254 | 282 | 818 | 399 | 827 | 471 8,412 10 
eee ees 91) 64/ 99] 92. 86| 195] 83| 46} S1| 52 859 10 
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At the side of the total column in the preceding table is given a col- 
umn showing the number of trees in each row. The total amount of 
fruit gathered at the first picking from each row has been divided by 
the number of trees in the row, giving the average amount of fruit 
picked per tree for each row of the block. This average is shown in 
the right-hand column. 

In the table which follows is given the net weight of fruit gathered 
at the second picking from each tree of the block not picked clean at 
the first picking. 


TasLe 26.—Weight of peaches of second picking from the Lovell trees of the experiment 
block of the Rio Bonito orchard, gathered in the fall of 1895. 


Weight of fruit, in pounds, gathered at second 
picking from trees Nos.— ‘aoe Number | Average 
Row No. phek rae of fruit of trees | weight 
ae see 1 ee) 6. | 7. | 8 1 9. | 10: | in row, | 22 TOW-:| Per tree. 
2, 
54} 121! 41 | 133 | 112 | 127 | 132 | 112 | 242 | 168 oe 10 ae 
1.6) 12) 9 |.cccs|..... 95 | 41| 67| 68 ” 343 9.5 36.1 
79 | 124| 33/151] 151| 88| 26 | 162 | 108 | 187 1, 109 1 | 110.9 
oy ee 44] 39 |..c.- 45| 4] 26| 34| 51 ” 255 9.8 26 
aps eee ee 13| 90| 61) 12|..:..|.....| 23| 37 236 10 23.6 
49| 8| 60] 32] 83] 20/109! 10] 38) 43 452 10 45.2 
60| 9] 99] 28] 120/..... “TE ee 30 | 140 517 10 51.7 
Vee [2 wee eee ee 271} 13] 18| 20 107 10 10.7 
31| 16| 26] 14] 96\|..... 82 |..... 96 | 66 357 10 35.7 
99| 10| 25| 16] 19| 87] 76|..... 63 | 90 415 10 41.5 
“5 6 ae >. eT ee 31| 28| 18| 31 136 10 36.6 
i eo eee a 3 bt | 15 | 54 146 9.4 15.5 
2] 13] 21|..... a eee 4 eS 14| 55 184 10 18.4 
a Se | ae ies ee 8| 13] 12| 18 84 10 8.4 
ey feet Meee ares laeeeas Ghee 22 | 38 124 10 12.4 
Sa a ee eS aan 11| 28] 6] 58 152 10 15.2 
Te ae Ve ee es ee 5 eee 71 9 43 10 4.3 
ay oe a eo eee ae ae 14| 30 91 10 9.1 
7 ee a ee ee Bice: 4/ 11| 13] 17 118 10 11.8 
ce ees ee ee —% ae ty Sean 5| 18 74 10 7.4 
ire. | 38a bi aN ot EL. ie: 53 | 33 136 10 13.6 
Tie eh aos” Oe es GS ee Pecans ees | 8 | 80 146 10 14.6 
_ paid es payee eee e | 
on) SRS PO EE ae 52 10 5.2 
23 ny) % ee 9 (gaa 24 | 29 |....| 70 27 | 10 21.7 
Ron. ha CS ren ead ea 100 10 10 
ae SS hee ee eal aed Se ee 137 10 - 13.7 
“S90 | 191 | 295. {'367'| ope-| 199 | das | dai | a85'| ane |e a = 
| 40] 107] 33] 85 | 27; 103! 27] 23 193 | 148 2, ee > ree 
200 | 145 | 150/ 81) 10/113! 107! 30! 90 | 210 1,136 10 113.6 
113 | 192 | 212} 126 | 3] 104] 14!] 19] 81/ 218 1,082 9.8 110.4 
a a eee ee eee 13| 6| 14] 57 999 10 22.2 
89 | 251| 63 |..... 30| 52] 35| 94/146] 80 840 8.6 97.6 
eG |, et 119 1-422 1 ab) 151s... 9 53 393 10 39.3 
aa ee 65 | 44] 27] 81 2410...: 44 245 10 24.5 
23 | 62| 80! 77| 68| 27| 24|..... 31 | 37 424 10 42.4 
26 | 142 | 108 |.....|..... 67 | 23| 14! 30] 29 439 8 54.8 
15| 32] 30| 48|..... 8 es Ga ae 3 173 10 17.3 
47 | 103 | 149| 48 |..... 62} 15| 21 | 21 | 100 566| 10 56.6 
2g ae 8 em ee ies oad ee) 25 198 10 19.8 
hee y Sirs ee ads et wet. 29 84 10 8.4 
16| 18] 60| 43|..... 41| 15] 9] 31| 32 265 10 26.5 
1h 464. 48h! 24| 17| 17| 26] 33] 33 203 10 20.3 
“a ee Ee ae “ae eso Ne 14 47 10 4.7 
a TO Og RS ee a ae oe Re A 102 10 10.2 
Tr eee Ta oe ee ah a ee 92 10 9.2 
3 aan 17) 10|..... 2 es 9 Sas eS ee 61 10 6.1 
WA Od | Ye aes Wie. 10} 11| 6 55 10 5.5 
| 3 een 5 eh eee 1 ey 10| 15] 5 91 10 9.1 
(| ___2SSRSRSRIIRSSaSaet A eae SP) Gee 12; 18] 3] 6| 10 64 10 6.4 
| 3 ae 9 a 8 ee et te. 4 he Cae 47 9.6 4.9 
| 19| 21| 92] 417 |2222- 55 | 10] 18] 34|..... 266 10 26.6 
ae as or habe © 1S Wes eS Bike A Sse aie 7 10 7.5 
| eS a ae risa. isi 5 92 9.5 9.7 
| “(1 ae" A ee ae ee ee , ee 16 91 10 9.1 
AAR AES FESS BR RR DR er et Wh. : 43 10 4.3 
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The total yield of the trees and rows of the experiment block is 
shown in the following table, which was compiled from the preceding 
records of fruit gathered at the first and second pickings. 


Taser 27.—Total weight of peaches of first and second pickings gathered from the Lovell 
trees of the experiment block of the Rio Bonito orchard in the fall of 1895. (a) 


Total weight in pounds of fruit gathered at first and second pickings from trees Nos. — 
Row No. = SSS 
iF 2. 3. 4. 6 orl We. is 8. 9. 10. Total. 
, es Se on 129 230 183 340 259 245 394 302 422 308 2,812 
a ee 76 95 134 236 54 111 115 181 232 116 1,350 
A ee 243 245 173 298 308 267 315 403 308 236 2,796 
AGE ena 81 | 71 173 70 57 165 91 100 103 85 996 
Ape ee 42 74 49 146 134 152 159 100 87 103 1, 046 
6s. ae 239 | 83 253 197 311 117 321 222 - 275 247 2, 265 
eee ee 148 | 276 238 197 301 183 211 222 199 250 2,225 
Ba oktgumtos 104 39 30 11 39 151 142 52 71 36 675 
Oss ee. Es 290 287 188 216 314 248 315 234 179 187 2, 458 
Mens ae 245 285 397 105 238 327 325 297 530 259 2, 968° 
Ba Se St Se! 72 76 39 97 83 107 |) 145 69 184 101 969 
ily ip age 240 178 111 191 304 167 288 168 255 201 2,103 
ee SP 255 205 221 70 184 203 244 187 159 132 1, 860° 
1. Seer SA 140 61 114 117 47 114 99 127 59 50 928° 
ies eee 525 363 596 253 474 474 580 340 475 311 4, 351 
Ga Sa 177 123 321 87 298 216 462 263 297 256 2, 500 
ly, 2 pean 144 56 66 52 88 119 63 89 51 30 758 
Bs bee 2-5 5n 5 406; 261 322 256 341 233 296 144 302 149 2, 700 
Me an bas 261 330 381 144 362 364 259 212 202 197 2,712 
SS SE aes 68 | 102 125 109 54 27 36 22 28 77 648 
25 | eR a 438 | 446 483 410 498 431 629 252 396 460 4, 443 
2 a 395 552 558 257 o44 556 469 324 340 426 4, 421 
Dents 80s 28 80 88 67 62 95 82 38 107 65 712 
OF eae ees 71 56 65 48 43 52 53 74 28 109 599 
3) eel 403 | 247 414 180 458 424 589 488 285 500 3, 988 
BOR ore 75 121 71 16 19 62 115 96 52 45 672 
2 Se | 345 409 446 116 166 425 513 306 222 268 3, 216 
oh aaa 313 404 573 298 417 489 489 379 460 441 4, 263 
O02 Soo den 29 39 99 64 65 102 33 95 25 51 02 
| ee 458 389 5382 525 524 418 434 459 675 Tad 5, 14 
ee 111 259 160 219 176 282 138 222 408 363 2, 338 
MOAe xe aces 377 284 282 333 325 331 316 328 389 453 3, 
ar 396 463 371 527 253 477 442 448 468 426 4, 
a Ree 95 190 156 53 107 148 92 139 141 203 Iy 
BOs 2. tend 482 542 BOO Cee a atone 993 543 632 684 570 528 4, 
Siete a ace 304 288 248 186 199 369 365 437 315 363 3, 
7 Seal 92 127 69 82 42 Nig. AT 135 187 138 187 1; 
Bory a hacche 269 153 220 243 336 261 308 341 305 440 
BONS rat sees 309 296 ABBA Se Bu alae. apes 451 462 475 369 443 
BOM! DS 150 155 95 107 69 74 53 47 114 245 
ae eee | 459 371 423 499 430 262 425 326 335 500 
Ee Pad 308 249 151 157 179 183 236 124 299 236 
TRY soe 99 85 117 46 32 58 104 40 52 106 
ee 187 168 306 206 70 205 154 240 213 258 
Bp ae 347 236 314 222 584 341 430 389 399 319 
Saha 55 99 64 107 90 63 44 82 103 67 
| ee 140 160 148 118 228 148 111 178 215 228 
vt Soares 108 | 155 155 136 117 94 182 154 157 181 
1 3 een 82 91 78 105 78 73 95 43 79 32 
1 eta 254 284 214 161 107 130 118 239 306 356 
Ble so ee: 276 330 288 288 247 220 251 203 314 315 
es tera hs 162 99 135 141 147 96 43 66 100 142 
Sees mah | 147 68 72 114 54 75 44 82 90 54 
lS oan e's 356 478 541 460 311 476 402 426 328 285 
BOs pe naeh 93 170 108 96 45 171 137 93 92 94 
Te ee pee 339 361 346 442 294 198 244 381 281 504 
EPS 331 418 277 359 254 312 313 425 327 487 
eer Pa 91 | 64 99 92 86 195 109 52 62 52 


a¥or plat of orchard see p. 69; for sprays applied see p. 73. 


As already said, after the weight of fruit for each tree of a row had 
been ascertained and recorded, the number of peaches in 100 pounds 
of this fruit was determined by counting. From several picking 
boxes of fruit, coming from different trees of the row, was weighed 
out 100 pounds of peaches fairly representing the fruit of the row. 
The peaches of this 100 pounds were then carefully counted and the 
number recorded.. This was done both for the first and second pick: 
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ings and for the sprayed and unsprayed rows. Where less than 100 
pounds of fruit was gathered the number of peaches per LOO pounds 
was determined by counting a less weight of fruit, usually 50 pounds. 
The following table gives the results of this work for both first and 


second pickings: 


Tanie 28:—Number of peaches per 100 pounds; weight of fruit gathered; and number of 
peaches thinned, gathered, and set by the trees of each row in the experiment block of the Rio 
Bonito orchard in 1895. (a) 


_— ~~ 


Number of Number of f 2 : ton f 

: : Pounds of Number o a, = | number o 

peaches in 100 | fruit— peaches gath- peaches— ze 2 | peaches set 
pounds. ered at— se = per tree. 

; : sb Dh 0° o 
eee ee foe ls, | os bige 1g 
Siemens) es | Sle | ek | He gs | Z 

fs a4 e 3} Q, % oy ee = oO > 5 > th - 3 

° | a = ro ~—— Oo ° o =| = J) xy a 

7, 5 Le} ra¥ Ay =i =f ~ 2 > c 

t= co > B me) = od ao =? g 3 2, 

BE | E 5 z : t go) ee lee 7 Serie | Ea 

2 & R a BR = R as (a = = Z R = 
... 259 988 | 1,570 | 1,242! 4,066] 3,577| 7,643 | 5,442 | 13,085 | 10 | 1,308] ...... 
tan 295 317 | 1,007 343.| 2,971 | 11,0874 4,058 |........ 2 0BS 1.250.) )-s:.-~ 427 
alee xs « 285 310 | 1,687 | 1,109 | 4,808 | 3,438 | 8,246 4,829 | 13,075 | 10 S500! \ceense 
te... | 300 335 74 55 | 2,223 ek INT deca: CS OL Cee 314 
ot... 303 323 810 236 | 2,454 ‘Loin ee 4 | ee es aA i | ae 322 
ee = 278 324 | 1,813 452 | 5,040 | 1,464] 6,504] 2,352] 8,856 | 10 see le 
See 280 326 | 1,708 517 | 4,782 | 1,68€ | 6,467] 2,265] 8,732 | 10 Biss) 2263. 
Ya 282 322 é 107 | 1,602 5 ee sa eee ee EC AS es | ORRIN eee eee 195 
Bee. 288 323 | 2,101 3507 | 6,051 | 1,153} 7,204] 3,863 | 11,067 | 10 LIOT Ace 
a 282 313 | 2,553 415 | 7,199 | 1,299 | 8,498] 4,352 | 12,850 | 10 i eee 
ja 292 316 | 8 136 | 2,432 AON) 2yo0er i Les.=. 52 ve le We! URE eae oe 286 
a 283 321 | 1,957 146 | 5,538 469 | 6,007 | 2,730 | 8,737 | 9.4 029 Vi. = a.o 
293 312 | 1,676 184} 4,911 574 | 5,485 | 1,841 | 7,326 | 10 doo} t 23.0: 
a 306 b 324 | 84 | 2,583 rf oe owed «12 5) ee ae 2 epDUAO © \\ = =Se0c) 285 
= 309 362 | 4,227 124 | 18, 061 449 | 13,510 | 7,762 | 21,272 | 10 aa A GA Meee 
a... -- 294 | 317 | 2,348 152 | 6,903 482 | 7,385 | 2,401 | 9,786 | 10 pe eee oe 
296 b 327 | 715 43 | 2,116 140 452,206" os, 22 CAAT LU a eae a | 226 
== 300 b 339 | 2,609 91 | 7,827 308 | 8,135 | 3,024 | 11,159 | 10 ce Dh) ee 
289 | 0340) 2,594 118 | 7,496 401 | 7,897 | 3,616 | 11,513 | 10 ADAM a. ope 
a 290 b 332 | 574 74 | 1,665 PAG hs 1 OU eas ae aS AOS lo 191 
aes 308 6314 | 4,307 136 | 18, 266 427 | 13,693 | 8,470 | 22,163 | 10 SFI) 2 8- 
ee 320 b362 | 4,275 146 | 13, 680 529 | 14,209 | 7,269.| 21,478 | 10 YAR ET hg ae oe 
ee 296 b 344 672 40 | 1,989 ike shy |e by 8 (ae SR 25 Ly Gy at Ca SS a 213 
Pe a - 292 b 356 547 52 | 1,597 MRD. | 1S FSR A 25 om oc 6 cere We 2 | ee ae 178 
Pe ic = 284 b368 | 3,771 217 | 10,710 799 | 11,509 | 5,747 | 17,256 | 10 A726 Boe: 
PB 23 280 b 354 65: 14} 1,842 50 Oe Was a Lege OL Yee ceo 189 
fee? 276 | 6360) 3,116 100 | 8,600 360 | 8,960 | 5,128 | 14,088 | 10 17409) | eee 
ee ec 291 | 06370] 4,126 137 | 12, 006 507 | 12,513 | 5,742 | 18,255 | 10 1 B2b oe 
Je aA 277 | 0360 576 26 | 1,596 ce (ALE It RS Se GPs. Ob Ral Us bp) See 169 
SRE pn 292 | 313 | 2,615 | 2,526 | 7,636 | 7,906 | 15,542 | 10,208 | 25,750 | 10 2 DI anno. 
ay 304 326 | 1,552 786 | 4,718 | 2,562 | 7,280 |........ i se eee 728 
a 294 311 | 2,282 |} 1,136 | 6,709.) 3,533 | 10,242 | 3,269 | 13,51] | 10 ORs Soe 
a 291 335 | 3,189 1,082) 9,280| 3,625 | 12,905 | 7,360 | 20,268 | 9.8 | 2,068/]...... 
. 290 330 | 1,10 222: | .3; 196 (E55) es UR) pee pee Aa y's cena 393 
= 325 345 | 4,034 $40 | 13,111 | “2,898 '| 16,009 | 9,730 | 25,739.) 8.6 | 2,993 | -.---- 
a 285 332 | 2,681 393 | 7,641 | 1,305] 8 4,896 | 13,842 | 10 is, Wt eee 
282 330 | 1,125 245 | 3,173 809 | 3,982 |........ BS eooddole pete So t7 398 
ee 282 330 | 2,452 424 | 6,915 | 1,399 | 8,314 | 3,318 | 11,632| 10 | 1,163 |...... 
cecs-|: 259 328 | 2,804 4389 | 8,104; 1,440) 9,544, 5,821 | 15,365! 8 Lal | Seer S; 
a 300 312 936 173 | 2,808 =e <3 ee 36140. {....<-: 334 
. ae 284 339 | 3,464 566 | 9,838 | 1,919 | 11,757 | 5,953 | 17,710 | 10 ef ee 
- 303 335 | 1,924 198 | 5,830 6635); 6; 4050125025. Ae LOSS Ie CU a 
293 b 304 655 84} 1,919 DO A), 2G dd bow cea a 2,174 | 10 a Dea 217 
= 309 337 | 1,742 265 | 5,383 893 | 6,276 773 | 7,049 | 10 i es 
«Se 309 346 | 3, 288 203 | 10,160 702 | 10,862 | 3,951 | 14,813 | 10 “I oy Ns eae 
= 303 b 330 727 47 | 2,203 1D sO \osewee DOO AO gia nenwee 236 
tz 289 396 | 1,572 102 | 4,543 363 5. on Sea ae 4,906 | 10 ct) eS ae 
= 308 b324 | 1,347 92 4,149 298 | 4,447 675 | 5,122 | 10 ih Fi Se 
a 292 b312 | 695 61 | 2,029 cL ie 6 Pee “hs ba) Me LORS (Eee 222 
. === 287 6366 | 2,114 5) | 6,067 FUT ie eS ade ea 6,268 | 10 aes 
el. 299 | 0356 | 2,641 91 | 7,897 324 | 8,221 | 2,985 | 11,206 | 10 cet bs, ae 
a 303 6336 | 1,067 64 | 3,233 BAD) | Oyt5o) loa s ose othe 0 toy eo | US) eee 345 
ee... 300 b 325 7 47 | 2,259 Ub Woe 5 eA ee oie RS pe ON oh | (ener ate 251 
a 306 6352 | 3,797 266 | 11,619 936 | 12,555 | 5,568 | 18,123 | 10 <3 bl Pe ee 
eee 295 b334 | 1,024 75 | 3,021 2DO | Pra; BIAS Saas) AO ales cee 327 
= 293 b384 | 3,298 | 92 |- 9,663 353 | 10,016 | 5,659 | 15,675 | 9.5 | 1,650 | ...-.- 
298 6370 | 3,412 | fil | 10, 168 337 | 10,505 | 5,251 | 15,756 10 5 al Vere 
282 b 360 859 43 2,422 ee” hee BOK 1d) Ve tee 258 


aFor plat of orchard see p.69; for sprays applied see p. 73. 
| b Number calculated from a less weight than 100 pounds, usually from 50 pounds 
| 
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112 PEACH LEAF CURL: ITS NATURE AND TREATMENT. : 
: 
Following the figures in the above table which show the number of 
peaches in LOO pounds of fruit are those giving the number of pounds 
of fruit gathered at the first and second pickings. From these four 
columns of figures has been calculated the number of peaches gathered 
from the trees of each row of the block for both the first and second 
pickings. By adding these numbers the total number of peaches 
matured by the trees of each row was quite accurately determined. 
To this amount is now added the number of peaches thinned from the 
trees. where thinning was required, the grand total representing the 
number of peaches firmly set by the trees of each row. By dividing 
this grand total by the number of trees in a row it has been possible 
to show the average number of peaches set per tree on both sprayed 
and unsprayed trees, and for every row in the experiment block. 


COMPARATIVE QUANTITY, QUALITY, AND CASH VALUE OF FRUIT FROM 
SPRAYED AND UNSPRAYED TREES. 


(Pls. XI and XII.) 


The actual yield in pounds of peaches, the quality, and the cash— 
value of the fruit produced by the sprayed and unsprayed trees of the — 
experiment rows of the Rio Bonito orchard in the season of 1895 are 
fully and accurately shown in the table which follows. This table — 
gives a full record of the yield as it was taken in the orchard, and the } 
results are of the greatest value from a practical standpoint, convey- — 
ing an accurate idea of the cash gain resulting from this spray work. :| 
If the reader will compare the average value of the fruit produced by — 
the sprayed trees of row 21, for example, with that of the fruit pro-— 
duced by the unsprayed tr ees of row 20, some conception of the 
possible gains resulting from thorough spraying may be obtained. In ‘ 
studying this table, it should be remembered that the results shown _ 
were obtained from the use of 35 different formule and sprays. Some 
of the sprays were of little value, others of medium value, etc., hence 
the gains shown for the entire block are far below what ioe. would — 
have been had the trees of each of the rows been sprayed with such— 
sprays as those used upon rows 21, 22, or others of the better “yielding” 
rows of the block. : 


a a ee ee 


DESCRIPTION OF PLATE XI. 


Experiments at Biggs, Cal. (Sulphur, lime, and salt.) Looking west between rows — 
2 and 3, May 14, 1895. Row 2 was unsprayed; row 3 was sprayed before blooming 
with 15 pounds sulphur, 20 pounds lime, 5 pounds salt, and 45 gallons of, water. 
The average value of fruit matured per tree in row 2 was $1.96 and in row 3 $3.90. 
The spray used showed a net gain from the treatment, as determined by the compar- 
ative value of the peaches set by the trees of both rows, of 216 per cent (p. 117). 
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PLATE XlI. 


DESCRIPTION OF PLATE XII. 


Experiments at Biggs, Cal. (Sulphur and lime.) Looking west between rows 9 
and 10, May 14, 1895. Both rows were sprayed before blooming. Row 9 was treated 
with 10 pounds sulphur, 20 pounds lime, and 45 gallons of water, and row 10 with 
10 pounds sulphur, 8 pounds lime, and 45 gallons of water. Row 8, adjoining row 9 
at the south, and row 11, adjoining row 10 at the north, were untreated. The aver- 
age value of fruit matured per tree on row 9 was $3.35, and on row 8 only 91 cents. 
The average value of fruit matured per tree on row 10 was $3.90, and on row 11, $1.35. 
As determined by the comparative value of the peaches set by the trees, the spray 
used on row 9 showed a net gain over row 8 of 457 per cent, and that used on row 
10 showed a net gain over row 11 of 337 per cent (p. 117). It may be seen that the 
lower limbs are not as thickly covered with foliage where the sulphur sprays are 
used as where the copper sprays are used. This is especially true where the former 
is applied too late or too strong. (See Pl. XI.) 


PLATE XIl. 


Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture 
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of Agriculture. 


PLATE XIll. 


Pe 


a 


> Beart 


Rows 20 AND 21, EXPERIMENT BLOCK, BIGGS, CAL. 


The net gain of row 21 over row 20 in fruit set was 1,028 per cent. 


Row 20, at left, untreated; row 21, at right, treated with Bordeaux mixture. 


DESCRIPTION OF PLATE XIII. 


_ Experiments at Biggs, Cal. (Bordeaux mixture.) Looking west between rows 
20 and 21, May 11, 1895. Row 20 was unsprayed; row 21 was sprayed before bloom- 
ing with 5 pounds copper sulphate, 5 pounds lime, and 45 gallons of water. The 
average value of fruit matured per tree in row 20 was 90 cents; in row 21, $6.19. The 
‘spray used on row 21 showed a net gain over row 20, as determined by the com- 
parative value of the peaches set by the trees of both rows, of 1,028 per cent (p. 117). 
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PLATE XIV. 


ture. 


cu 


os) 


mA. 


3 Y ‘ 


DESCRIPTION OF PLATE XIV. 


Experiments at Biggs, Cal. (Eau celeste.) Looking west between rows 26 and 27, 
- May 11, 1895. Row 26 unsprayed; row 27 sprayed before blooming with 4 pounds cop- 
per sulphate, 3 pints ammonia, and 45 gallons of water. Average value of fruit 


| - matured per tree in row 26 was 90 cents; in row 27, $4.32. The spray used on row 


27 showed a net gain over row 26, as determined by the comparative value of the 
peaches set by the trees of both rows, of 662 per cent (p. 117). 


Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. PLATE SOve 


Rows 34 AND 35, EXPERIMENT BLOCK, BIGGS, CAL. 


Row 25, at left, treated with modified eau celeste; row 34, at right, untreated. 


DESCRIPTION OF PLATE XV. 


_ Experiments at Biggs, Cal. (Modified eau celeste.) Looking east between rows 
34 and 35, May 14, 1895. Row 34 unsprayed; row 35 sprayed before blooming 
with 4 pounds copper sulphate, 5 pounds sal soda, 3 pints ammonia, and 45 gallons 
of water. The average value of fruit matured per tree in row 34 was $1.84; in row 35, 
$8.05. The spray used on row 35 showed a net gain over row 34, as determined by 
the comparative value of the peaches set by the trees of both rows, of 608 per cent 


(p. 118). 
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COMPARATIVE VALUE OF SPRAYS IN RELATION TO FRUIT. 


(Pls. XIII, XIV, and XV.) 


A review of the preceding table will show that no account has been 
cen there of the peaches thinned from the trees, and for this reason 
ne results given in dollars and cents for the different rows can not be 
i as “representing the full comparative value of the sprays used. 


e value of a spray in controlling curl, so far as quantity of fruit is 
neerned, should be based upon its power to prevent the fall or loss 
of fruit from the disease. A spray may enable a tree to set more 
‘ruit than it can carry to maturity in a favorable season, but the value 
of the spray should not be decided from the amount of the crop after 
hinning. This will be evident from a consideration of the fact that 
n many years the trees may not set more peaches than can be properly 
natured without thinning. In such cases it would be the spray that 
snabled the trees to set and hold the greatest number of peaches in 
he presence of curl which would prove of the highest value to the 
srower. A less effective spray would not enable the trees to set and 
old a full crop. Itis thus seen that the comparative value of several 
prays rests in their power to prevent the fall of the greatest num- 

rof peaches from disease, this being, of course, where other influ- 
nees of the sprays are equal. Thinning is necessary only when the 
rees can not carry all the fruit set, or when it is desired to improve the 
ize and quality of the fruit, ise it bears no direct relation to the 
value of a spray in preventing curl. 

In view of the preceding facts, a table fibe been prepared embodying 
Mose features of the fruit phot by which the comparative value of all 
i sprays used may be determined. 

To show the full comparative value of all influences of each spray 
pon the fruit, it has also been necessary to consider the quality as 
ell as the puiaber of peaches and weight of same. To obtain the 
Itimate comparative value of the sprays the writer has been obliged 

© treat the thinned peaches as if matured, assigning them the same 

ue, in proportion to number, as the fis fruit. There is also 
me other calculation in the table which requires explanation. A con- 
ie percentage of the better quality of fruit was picked while 
stillimmature. This fruit is tabulated as that for the Oakland can- 
iery. It was necessary to gather this fruit while still hard so that it 
yould arrive at the Oakland canner y in good condition. By weighing 
t large number of matured peaches and an equal number of peaches 
is picked for the Oakland cannery it was learned that the Oakland 
*ruit should be increased by 11 per cent to make it equal in weight to 
mature fruit. This has been done, so that the quantity, quality, and 
‘ull comparative value of all fruit considered could be accurately 
letermined. 


i 


116 PEACH LEAF CURL: ITS NATURE AND TREATMENT. 


i 

It has been possible in the manner just outlined to calculate the 
total comparative value of all fruit set by the trees of each row, as _ : 
determined by the actual cash value of fruit of equal quality when 
matured. By dividing this sum by the number of trees in the row |: 
the average comparative value per tree of all fruit set is shown, both )* 
for sprayed and unsprayed rows. While these average values do not 9: 
represent the money actually obtained, as in the case of the preceding ), 
table, they accurately show the average values for comparison of all 7, 
fruit set by the trees, as determined by the market price of that fruit }, 
which the trees were able to bring to maturity. For these reasons i 
the figures for the different rows may be rightly compared, and they s 
fairly determine the comparative values of the 35 sprays tested in tk i: 
block, so far as those values relate to the quantity and quality of the } 
fruit. ‘ i 
To further facilitate the comparison of the values of the sprays in’ 
increasing the quantity and quality of fruit, as determined by the cz , ‘ 
value of such fruit when matured, the results have been reduced t 
average net gain per cent of the sprayed trees of each treated row over 
those of the adjoining unsprayed row. For illustration, it may be seen’ 
that in row 30, sprayed, the average calculated value of all fruit set 
per tree would have been when matured $12.62; in row 31, unsprayed, 
$3.43. Deducting the calculated average value of the fruit set on the 
trees of row 31 from that set on the trees of row 30, there is shown an 

excess of $9.19 in favor of the trees of the sprayed row, and by divid- 
ing this excess by $3.48, the calculated average value of fruit set by 
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the trees of the unsprayed row, there is shown to be a net gain of 2689 
per cent resulting from the use of the spray applied to the trees ¢ 
row 30. The gain per cent has in this manner been calculated for¥ 
every spray tested in the block, and it may be seen that on row 21 
spray gave a net gain of 1,028 per cent. 
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PEACH LEAF CURL 
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. INFLUENCE OF SPRAYS ON THE FRUITING OF THE TREES. 119 
COMPARATIVE SIZE OF FRUIT ON SPRAYED AND UNSPRAYED TREES. 
Owing to the fullness of the records obtained relative to the weight 
and number of peaches gathered from the sprayed and unsprayed 
trees in the present experiments, it is possible to learn the compara- 
tive average weight of the fruit produced on treated and untreated 
rees. Jt might seem that the unsprayed trees, having to mature on 
average 291.3 peaches per tree, would yield larger fruit than the 
sprayed trees, which had to mature 949.2 peaches per tree; in other 
words, that the increased number of peaches upon sprayed over 
ansprayed trees would, to a considerable extent, be counterbalanced 
by an increase in the size of the fruit on the lightly loaded unsprayed 
trees. It has been found, however, that where the conditions for vig- 
orous growth of a tree are present, and where the fruit upon a tree is 
so thintied that the tree is not overloaded, the peaches of the full- 
bearing tree are practically as large when mature as are those of the 
tree which has lost much of the crop from curl. The following table 
has been compiled from the facts in hand upon this matter. It is 
shown in this table that the fruit from the sprayed trees averaged 
for the whole block (345.3 trees) 299.0344 peaches per 100 pounds, and 
the fruit from the unsprayed trees averaged for the whole block 
(228.9 trees) 299.0312 peaches per 100 pounds. This shows that the 
gain in size of peaches on unsprayed trees over those on sprayed trees, 
ae determined by the average number of peaches to 100 pounds, is 
oesss per cent, or only about 7,455 of 1 per cent. This amounts to 
nothing from a practical standpoint. 

a 

Taste 31.—Size of fruit on sprayed and unsprayed trees as determined by the average 
number of peaches per 100 pounds. 
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be It should not be understood by the above that a crop of 950 peaches 
draws no more heavily upon a tree than a crop of 300 peaches when 
other conditions are equal. All observation tends to show that such 
‘is not the case. <A tree too heavily loaded will often produce 
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much smaller fruit than a properly thinned tree, even upon exceed- 
ingly rich soil. The facts given in both the preceding text and table _ 
show clearly, however, that the severe attack of curl in the spring of — 
1895 drew upon the vitality of the unsprayed trees as heavily as did _ 
the excess of 650 peaches each on the sprayed trees. Otherwise stated, 
the trees averaging 300 peaches were drawn upon as heavily by the 7 ji 
attack of curl, combined with the maturing of 300 peaches, as were | 
the sprayed trees in maturing 950 peaches. If this had not been the — 
case, the unsprayed trees would have better nourished their crop, and 
would have produced larger and heavier fruit than those which were — 
sprayed. These facts should receive the attention of all thoughtful — 
growers, as no one can afford to have his trees drawn upon to the — 
extent of two-thirds of a crop of peaches without return, even when 
frost or other causes would not have allowed him a crop on sprayed 
trees. To permit trees thus to suffer from curl even in such a year 
would be equivalent to draining them of much vitality, even though 
they failed to show this drain in the reduction of wood or fruit buds 
for the ensuing year. But it has already been shown that a marked 
reduction in the number and quality of fruit buds is a result of a 
spring attack of curl. The soil is also certain to sustain an unnec- — 
essary drain upon its resources. | 

Another phase of this subject is made clearer by the above table. 
There are very many varieties of peaches so resistant to leaf curl that 
the fruit does not drop, even when a large percentage of the leaves 
are lost. Many growers leave such varieties unsprayed, thinking that 
the saving of the fruit is the all-important point, and that the loss of 
the spring foliage alone does not warrant the spraying of such varie~ 
ties. Theabove facts will show the error of such deductions. Whem 
the loss of the foliage upon the Lovell is equal to the drain upon the 
tree brought about in maturing two-thirds of a crop, the loss of the 
foliage upon a semiresistant variety must be approximately the same. 
This drain will be apt to show also in the size and weight of the fruit, — 
if not in the number of peaches. Certainly no grower is warranted 
in leaving any variety unsprayed simply because that variety holds its — 
fruit in spite of the loss of foliage. The trees have suffered in such 
a case, and the orchardist can scarcely avoid feeling the loss in the 
reduced vigor of his trees, the reduced weight and size of his fruit, 
and the added drain upon his soil. . 


COLOR OF SPRAYED AND UNSPRAYED FRUIT. 


The Lovell peach is normally a fruit of fine color, but under the 
action of certain of the sprays used its color was greatly heightened. 
In observing this action of the sprays no color scale was used, but the 
marked brightening on certain sprayed rows was too distinct to be 
mistaken by the most careless observer. This heightening of color 
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was not due to excess or lack of crop, for it was distinct on both 
heavily and lightly loaded trees, where the fruit was of medium size 
and where it was exceptionally large, but was due to the use of the 
copper sprays, especially of the stronger Bordeaux mixtures applied. 
‘Here is another advantage in the use of the copper salts. This increase 
in color would certainly mean dollars to the grower where the fruit 
was placed on the market in competition with unsprayed fruit, even 
of the same variety. The writer regrets that a color scale could not 
have been used in this connection, so that the true heightening of 
color could be stated, but the contrast between sprayed and unsprayed 
fruit, where the spraying was done with the Bordeaux mixture, was 
observed and discussed by many who had this fruit to handle. 


METHOD OF THINNING AND COST OF PICKING PEACHES. 
THINNING BY HAND AND BY CURL. 


An argument advanced by certain peach growers and requiring con- 
sideration is that a moderate spraying under ordinary conditions is 
sufficient. By avoiding too thorough work enough curl is allowed to 
develop to cause the dropping of one-fourth to one-half of the peaches 
being set by the tree. If soil conditions are favorable it is thought 
the trees will still retain a sufficient crop, and the expense of thinning 
will be avoided. 

_ At first thought the plan here suggested might seem the easiest and 
_ cheapest way of thinning fruit. A consideration of all points involved 
will show, however, the faults of this method. To do effective pre 
ventive spraying against curl the spray must be applied to the dormant 
tree, and to judge of the severity of a coming attack of curl before 
growth begins is too uncertain a method to warrant the indorsement of 
practical growers. All influencing conditions may appear to favor a 
light attack of curl till after the spraying is completed, when a sudden 
change of temperature or a cold rain may develop a severe attack 
within the course of a few days. Under such conditions, incomplete 
or light spray work may cost the grower the major portion of his 
crop. 
In case the severity of curl is about as presupposed, the number 
_ of peaches remaining on the tree being about what the tree should 
_ carry, it is still very probable that the grower has sustained a loss in 
the stoppage of growth of wood and fruit and in the fall of foliage 
equal to or above the expense of thinning. There is also a difference 
between hand-thinned trees and those thinned by curl. This disease 
is local in its action, not general. If one branch in the midst of dis- 
eased branches is thoroughly sprayed it will hold its fruit, while the 
_ peaches will fall from those not sprayed. This will show that the 
_ peaches of a diseased tree are not thinned evenly, as the disease is fre- 
_ quently not uniformly distributed over all branches of the tree. Then 
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the fruit is for the most part nourished by the foliage of the branch 


which bears it, and hence if the disease is not equally distributed the 


foliage will be unequally distributed and the fruit unequally nourished, 
One portion of a tree may have an excess of fruit, even to the break- 
ing of limbs, while another portion shows a deficiency. Besides the 
unequal thinning of fruit on different portions of a tree, arising from 
the unequal action of curl over the tree as a whole, there will also 
appear an unequal thinning of the fruit of individual branches. In 
this respect, one of the prime objects of hand thinning, the equalizing of 
the fruit distribution upon the branches, is lost when the thinning is 
caused by curl. Such fruit as remains upon the curl-thinned branches 
is apt to be largely toward the ends of the limbs. 

The statements here made respecting the local action of the disease 
and the local nourishing of the fruit upon a limb or portion of a tree, 
are known to be correct, and have been established by a series of care- 
fully conducted experiments on sprayed halves of trees. The details and 
results of this work are given in the concluding section of this chapter. 


COST OF PICKING PEACHES. 


When considering the picking and sorting of peaches from sprayed 
and unsprayed trees a marked difference is noted in cost in fayor of 
those sprayed. In the Rio Bonito orchard, where our experimental 
work was prosecuted, it has cost the proprietors $1 per ton to pick 
fruit from fully loaded sprayed trees. In contrast to this the cost 
of picking and sorting the fruit of the unsprayed trees just north of 
the experiment block, in the summer of 1895, was $3 per ton. This 
was on account of the scattered condition of the fruit on these trees, 
which were affected by curl in the spring like the control trees of the 
experiment block. This cost per ton was calculated with wages at $1 
per day, the men boarding themselves, and where one sorter to five 
pickers was employed. We have here a difference of $2 per ton in the 


cost of picking and sorting fruit from sprayed and unsprayed trees. 


This added expense on unsprayed trees arises, of course, through the 
necessity of pic ‘King over a greater expanse of tree and orchard surface 
to obtain a given amount of fruit. It is believed that in this single 
item of picking the fruit enough is saved to more than cover the expense 
of spraying the trees and thinning the fruit. 


THE LOCAL ACTION OF CURL ON FOLIAGE AND FRUIT. 


RECORDS OF TREES SPRAYED ON ONE SIDE. 


The study of the habits of icoaseus deformans and its influence upon — 


its host led to the following investigation into the localization of the 
parasite upon the tree and its local rather than general effects. 
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DESCRIPTION OF PLATE XVI. 


Fig. 1 shows the condition of the trees sprayed on one side (considered in the text, 
p- 123). The right side of the tree shown was sprayed with Bordeaux mixture, the 
left side was unsprayed. (Compare with Pls. X VII, XVIII, and XTX.) | 
Fig. 2 shows the condition of the tree sprayed on one side after curl had largely 
denuded the unsprayed half at the left. | 


¢ 
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Just north of the experiment block, in the continuation of the same 
orchard, was selected a row of 6 trees for treatment on one side. ‘The 
spray used on half of each of the first three trees from the east was the 
standard Bordeaux mixture recommended by the Department, viz, 6 
pounds copper sulphate, 4 pounds quicklime, and 45 gallons of water, 
The spray used on the following three trees was lime and sulphur, con- 
sisting of 10 pounds sulphur, 20 pounds lime, and 45 gallons of water. 
In doing this spraying an effort was made to treat only one-half of 
each tree. Each tree was first examined, and, in some instances at least, 
a large canvas stretched through it in such a manner as to divide it as 
nearly as possible into two equal parts. All the branches on one side 
were thoroughly sprayed, the canvas preventing any of the spray 
reaching the limbs of the other half. In this way the half of each of 
three trees was sprayed with each of the above-mentioned sprays. 

A photograph showing the appearance of one of these trees shortly 
after treatment is shown in Pl. XVI. 

May 10 and 18, 1895, when curl had reached its highest development, 
careful estimates of the loss of foliage were made for the sprayed and 
unsprayed sides of the 6 trees used in the experiment. The following 
table shows the results of these estimates: 


TABLE 32.—Foliage losi from sprayed and unsprayed halves of trees. 


Trees treated Trees treated 
with Bordeaux with sulphur 
mixture. (a spray.(b 
Percentage of leaves which fell from— Tree Ry Troe Sil 
ine | eae | 5. | 6 
RRM forte tel Sco ros REL ada «SRE bk ns Ks ant Geen 2 ee ia 18 | 15 | 15 
ly TR ep ae Sy ee er ee reer ere ee 92 92 90 85 | 85 | 85 
} 


a Foliage estimated May 18, 1895. b Foliage estimated May 10, 1895. 


On May 8 the trees were examined, and the notes made at that time 
state that the sprayed and unsprayed sides presented a striking con- 
trast. It is said that ‘‘the foliage on the sprayed half of the trees is 
perfection itself in almost all cases. It is very dense and abundant, 
both below on the limbs and above. The leaves are of a very dark, 
rich green, and are long, soft, and beautiful. The growth is very 
thrifty, in fact, unusually so. There are probably not more than 2 to 
3 per cent of the leaves curled at all on the sprayed half, and these are 
confined to points at the top of the branches not properly sprayed. 
On the unsprayed half of these trees there is very little healthy growth. 
Probably 95 per cent of the leaves are curled, and most of them badly 
curled and distorted. Probably not less than 90 per cent of those 
produced thus far this spring will drop. The color of the foliage is 
yellow and sickly. Such leaves as are not curled are small and light 
incolor. The foliage upon both lower and upper limbs is badly affected. 
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What little growth there is which is thus far free from curl is termi- 
nal—very little healthy or comparatively healthy growth is seen from 
lateral buds. As to fruit, I may say that much is dropping from the 
curled side and little from the other.” (Pls. XVI and XVII.) 

The work of thinning the fruit from the sprayed halves of these 
trees was not conducted at the time the sprayed trees of the general 
experiment block were thinned. The writer believes that the records 
of the fruit thinned from these trees were not kept except for one tree 
sprayed on one side with Bordeaux mixture. The fruit on the sprayed 
half of this tree was thinned May 8, 1895, and amounted to 1,145 
peaches, which weighed 23 pounds, or very nearly 50 peaches to the 
pound. These peaches were very uniform in size and stuck tightly to 
the limbs. If they could have grown to the usual size when picked 
in the fall they would have given 381 pounds of fruit. No peaches 
were thinned from the unsprayed half of this tree. 

The yield of the 6 trees was carefully determined by weighing and 
counting the fruit from the sprayed and unsprayed sides of each tree 
separately. The results of this work are shown in the following table: 


TaBie 33.— Yield of sprayed and unsprayed halves of trees. 


Bordeaux mixture, Sulphur spray, tree 
tree No.— No.— 
ree ae a 4 B. 6. 
Pounds of fruit gathered from— 
Geeaincs tinds 6 2s eee et ee one 284.8 | 361.6 | 286.7 | 112.2] 189.3 64.6 
Winenieyved. tid Ae ot Ae ke 8 eC uae ch on eee 14.3 50.6 25.3 48.6 | - 80.4 35.3 
Number of peaches gathered from— 
Sry Oe TA oe eres ae sake noel ee anes 718 1,064 836 303 450 7 
DRORINVeR MAL Sooo. eton es ote nee ee nae eae 40 147 74. | 132 220 94 


By the preceding table it is shown that the sprayed half of tree 1 
bore 718 peaches, weighing 284.8 pounds, while the unsprayed half 
bore only 40 peaches, weighing 14.3 pounds. In this case, as in the 
case of the other trees of this series, the localized position and action 
of the fungus of curl upon a tree is shown. The unsprayed half of 
the tree suffered so severely from the disease that it lost 92 per cent 
of its foliage and all but 14.3 pounds of fruit. This severe attack 
on one side of the tree appeared to have no influence whatever over 
the sprayed limbs of the other side, as the fruit on the sprayed half 
was thinned of 1,145 peaches, lost but 2 per cent of its foliage, and 
bore 284.8 scared of as fine peaches as any in the orchard. On the 
other hand, the full and healthy covering of foliage on the sprayed side 
of the tree appears to have had no beneficial influence over the diseased 
side. Had it had any well-marked beneficial influence the fruit of the 
unsprayed half would have been retained, which was not the case. 
The same local action of the disease, and the same local nourishing 
influence due to the assimilative action of the healthy foliage may be 
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ete e OF PLATE 3 Vit, 


This plate shows the condition of one of the trees sprayed on one ae at the time 
of picking the fruit. The leaves have been cut away with pruning shears to enable 
the photograph to show the fruit upon the sprayed half (right side) of the tree, 2 - 
the absence of fruit upon the unsprayed half (left side). The sprayed half matu 
284.8 pounds of the finest peaches; the unsprayed half matured only 14.3 pounds. 
Over 1,100 peaches were thinned from the sprayed half of this tree to enable he 2 
limbs to bear the crop, while the unsprayed half was unthinned except by curl. 
(For records of this and other trees sprayed on one side see Chapter VI, also compar . 
with Pls. XVI, XVIII, and stua 
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CONDITION, AT MATURITY OF FRUIT, OF TREES TREATED ON ONE SIDE. 


The leaves have been removed to show the fruit on sprayed side. 


DESCRIPTION OF PLATE XVIII. 


Peaches gathered from the tree sprayed on one side shown in the preceding plate. — 
The fruit shown on the two drying trays at the left, together with that in the lower 
compartment of the tray at the right, was gathered from the sprayed half of this tree. 
The peaches shown in the upper right-hand compartment were all that matured on 
the unsprayed half of the same tree. The sprayed half bore 718 peaches, 7aighial neg Z 
284.8 pounds; the unsprayed half bore only 40 peaches, weightage 14.3 pounds. 
(Compare with Pls. XVI, XVI, and XIX.) : 
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PLaTe XVIII. 


DESCRIPTION OF PLATE XIX. 


This is a photograph of a limb of the sprayed half of the tree shown in Pls. XVI 
and XVII, after the removal of the leaves with pruning shears. A good idea of the - 
size and perfection of this fruit may be obtained from the plate. The color was 
strikingly high and rich. The size of the fruit is further shown by the fact that the 
peaches averaged 252 per 100 pounds. (See note on this work at the close of Chap- 
ter VI, p. 122; also refer to Pls. XVI, XVII, and XVIII.) 


PLATE XIX. 


Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. 


FRUITFULNESS OF LIMBS ON TREATED HALF OF TREE. 
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seen in the condition of the foliage and crop on the sprayed and 
‘unsprayed sides of the other trees included in these experiments. 

It even appears likely, both from observation of the trees and from 
the general laws of use and disuse and supply and growth, that the 
influence of the sprayed upon the unsprayed portions of the tree, in 
the presence of an attack of curl, is detrimental rather than beneficial. 
It is probable that the half of the tree in full foliage, instead of lend- 
ing material aid to the defoliated side, tends to further rob that side, 
at least of the crude sap coming from the roots. 

For the purpose of showing the reader the striking results obtained 
from these trees, several photographs were made at the time the crop 
was matured. In order that the fruit might be seen upon the tree 
the foliage was carefully cut away and a screen placed behind the 
tree (PI. XVII). A single limb was also photographed, as shown in 
Pl. XIX. The fruit gathered from the sprayed and unsprayed halves 
of tree 1 is likewise shown in Pl. XVIII. The unusual size and 
brightness of color of the fruit from the sprayed half of this tree was 
very marked. The peaches averaged 252 per 100 pounds. The aver- 
age of peaches for the large experiment block was, as before stated, 
299 per 100 pounds. There was thus a gain of 18.66 per cent in size 
of fruit on the sprayed half of this tree over the average for the block. 


CHAPTER VII. 


PREVENTIVE SPRAY WORK CONDUCTED BY ORCHARDISTS. 
GENERAL CONSIDERATION OF THE AUXILIARY WORK. 


While planning the experiments already detailed it seemed desirable 
to set on foot a similar line of work among peach orchardists in gen- 


eral. It was thought that several advantages could be attained from ~ 


such auxiliary and coincident work: (1) It would indicate the effective. 
ness or noneffectiveness of the sprays recommended, in controlling curl 
under the various conditions of variety, situation, soil, temperature, 
atmospheric humidity, seasonal variations, etc., existing in the many 
peach-growing sections of the country. (2) It would eliminate the 
personal element of the other experiments being conducted, and 
would introduce various new conditions of orchard work, thus point- 
ing out the efficiency or needs of the general grower and indicating 
what features of the work should receive special attention in offering 
final recommendations. (3) It would introduce the methods of treat- 
ment in many peach-growing centers, and by means of the object 
lessons thus set up, it would effect a much more rapid and general 
adoption of such spraying methods than could be hoped for otherwise. 

In advance of the inauguration of this work, which was begun in 
the fall of 1893, correspondence was opened with over 1,600 peach 
growers in all peach-growing centers of the United States. To each 
of these growers was sent a circular describing the nature and cause 
of peach leaf curl, outlining a series of spraying tests which it was 
desirable to have conducted for its prevention, and supplying the 
spray formule known to have given good results in California. Each 
grower was given the facts necessary to enable him to carry out the 
work, and was requested to furnish the Department with the results of 
his experiments. 

A very large number of growers expressed their willingness and 
desire to assist in conducting these experiments, and a very consider- 
able number have done so in many of the peach-growing centers. It 
may also be said that the number of growers who have adopted annual 
spraying methods as a result of this introductory experimental work 
is large and is constantly increasing. In fact, the spraying of peach 
trees for curl has become very general in many of the peach- ‘TOWNE 


centers of the United States where the disease prevails. 
126 
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| Of the reports which have been received of work conducted by the 
growers, it is thought best to include a few from those regions where 
curl is most common. The reports given are of much value, and in 
numerous cases they show that the experiments were carefully carried 
out. Representative reports will be given from the lake shore fruit 
| belt of, Michigan, from the Willamette Valley, Oregon, where peach 
. culture has been greatly checked by curl, and from several growers in 
alifornia and elsewhere. An effort has been made to present these 
; reports, which have been carefully tabulated, in as compact form as 
possible. 


NOTES ON THE AUXILIARY EXPERIMENTS IN MICHIGAN. 


A very considerable number of peach growers in the more northern 
_ portion of the Michigan fruit belt received from the Department a 
request to undertake spraying experiments in the winter of 1898-94 
_ for the prevention of peach leaf curl. Among these orchardists was 

Mr. Smith Hawley, of Ludington. This gentleman, as well as several 

other growers of Mason and Oceana counties, entered heartily into 
_ the work, the result being that at present a very large number of 
 orchardists are annually spraying for curl in that region. The work 
conducted by Mr. Hawley involved the testing of a number of sprays 
in early and late winter with one and two applications. It was very 
_ earefully carried out, and as the disease developed quite seriously in 
that region in the spring of 1894 his results are most interesting and 
valuable. The data supplied by his report are presented in the fol- 
lowing table and notes: 
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The preceding table gives the details of eight of Mr. Hawley’s 
experiments. The experiments are distinguished by numbers (1-8), 
and the formule used by letters (A, B, and C). Mr. Hawley’s notes 
on these experiments were written chiefly on two dates, the first 
immediately after the estimates of foliage were made and the second 
shortly after the fruit was gathered. His statements in general are 
given in the following notes: 


Experiment 1: 


June 23, 1894.—This experiment was made under rather unfavorable circum- 
stances, as the wind came up quite strong after I had commenced, and consequently 
 leould not co the work as thoroughly as I wished, but the results now promise to 
be entirely satisfactory. The foliage is perfectly fresh and green, and apparently the 
_ peaches are going to hang on. Another thing that now appears to be well estab- 
lished is that the earlier spraying is the better. [See notes under experiment 2. ] 
There is now quite a perceptible difference to be noticed between early and late 
spraying as regards the foliage. 

October 1, 1894.—This experiment has demonstrated the effectiveness of the spray 
used. While the crop was not large, owing to the unhealthy state of the trees 
from leaf curl last year, yet it was about three times as large on the sprayed as on 
the unsprayed trees. The fruit was much nicer. I could easily pick out the baskets 
of fruit from the sprayed trees. 


_ Experiment 2: 

. June 23, 1894.—This experiment has given entire satisfaction so far, as the foliage 
_ of the trees is perfect and the fruit is hanging on well. This experiment, taken in 
connection with the others, indicates that the blue vitriol solution, C, acts quicker 
than the sulphur solution. The winter sprayings seem fully as effective with the sul- 
_ phur solution as with the blue vitriol, but the spring spraying is not quite as good. 

; October 1, 1894.—While the difference in the amount of fruit gathered from the 
__ sprayed and unsprayed trees is not as great as in some of the other experiments, yet 
the effect is fully as apparent, for these trees were not nearly as badly affected last 
year as some others, and consequently they all had a fair load of fruit. There was a 
_ far greater difference noted in the foliage than in the fruit. 


- Experiment 3: 
The first spraying of this experiment was on January 19, and was followed by a 
_ heayy rain storm, which lasted twenty-four hours, and will undoubtedly prevent the 
+ full benefit of the work from being realized, but the work was very thoroughly done 
_ and may be effective. 

June 23, 1894.—The second spraying was well done, and at this date the effect 
_ seems to show (1) that formula B is not strong enough to have the desired effect; 
- and (2) that two sprayings are not much better than one, provided the work is 
| thoroughly done with one spraying, and provided, also, the spraying is followed by 
good weather. 

October 1, 1894.—This experiment has given greater satisfaction than anticipated. 
The proportion of sprayed to unsprayed fruit is better than expected at the time of 
the estimate on the loss of foliage. 


Experiment 4: 

June 23, 1894.—The contrast between the sprayed and unsprayed trees at this date 
is very decided in this experiment. The first spraying was on the same date as 
experiment 3, and followed by rain. The last was done April 12 with formula C, | 
and was well done, and the trees now look fine. 
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October 1, 1894.—The results of this experiment are rather disappointing, as I was 
led to believe when I made the estimate of the loss of foliage in June that the results 
would be more satisfactory than with experiment 3. Whether the solutions used 
had the effect of neutralizing each other, or whether formula B, having been first 
applied, prevented any benefit from formula C, I can not tell. 


Experiment 6: 

June 23, 1894.—The first spraying of this lot was followed by ten hours’ rain, the last — 
spraying by good weather. The treated trees present a fine appearance, but the con- 
trast is not so great as in some other experiments, for the control trees are an outside 
row and apparently not as badly affected as those farther in the orchard. I do not 
anticipate a very large difference in the fruit yield. 

October 1, 1894.—This experiment has turned out just as I thought it would. The 
difference in the amount of fruit from the sprayed and unsprayed trees is not great, 
yet it is quite satisfactory considering the conditions. 


Experiment 6: 

June 23, 1894.—This experiment was thoroughly made, but was unfortunately 
followed by twenty-four hours of warm rain, commencing ten hours after the spray- 
ing, so that the result is not as satisfactory as desired, but the effect is so noticeable 
that the difference can be seen half a mile away. 
~ October 1, 1894.—The results of this experiment are entirely satisfactory. In spite 
of the fact that the spraying was followed by rain and then by very cold weather, 
the yield of fruit was one-third more on the treated trees than on the untreated trees, 
but what pleases me most is the very great difference in appearance of the trees now. — 
[Those that were treated have made double the growth this season that the untreated 
trees have. They are holding their leaves late and have twice the buds set for another 
year, and are fresher and healthier in every way. 


Experiment 7: 

June 23, 1894.—The result of this experiment thus far seems to show that the 
formula used is not strong enough to accomplish the work desired. There is at this 
date less difference to be noted between the treated and untreated trees than in any 
other experiment. 

October 1, 1894.—This experiment has resulted about as I thought it would, from — 
the appearance of the trees in June. I do not think formula B is strong enough. 


= 


Experiment 8: 

June 23, 1894.—I regard this as one of the most valuable experiments in the series. 
It has so far shown the best results. The untreated trees look as though a blight had 
struck them, appearing at this date as if they were going to die, while the sprayed 
trees look as fresh and healthy as young trees that never had any disease. One 
curious thing I have noticed is in relation to a branch from one of the untreated trees 
which reaches across to one of the treated ones. This branch, of course, got sprayed 
when the tree was sprayed with which it mingles, and it is as full of leaves and fruit — 
as the treated tree, while the balance of the tree to which it belongs is bare of leaves 
and fruit. 

October 1, 1894.—The final results of this experiment have proved what I expected. 
There is a greater difference in yield than in any other experiment, while the differ- 
ence in appearance between the treated and untreated trees is yet very marked. The 
treated trees look as fresh and healthy as young trees, while the others still look 
very bad. These trees have always been very heavy bearers, and consequently haye 
not attained a very large size. They were never very badly affected by leaf curl till 
this year. = 
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In the eight experiments described by Mr. Hawley the percentages 
of net gain in fruit of the sprayed trees over the unsprayed were as 
follows: 


TABLE 35.—Percentages of net gain in fruit shown in eight spraying experiments conducted 
by Mr. Smith Hawley, of Ludington, Mich. 


EXperiment No. | Formula.a | Net gain. Experiment No. Formula, | Net gain. 

Per cent. Per cent. 

SG ecbnccnsadhacverenel d _ eS Ge Ee AAG Packewaeke classe bee SPs RO ie Se 35 
Se ee eee Riches Siew IS aE ea SR SER ok ee Se 49 
EO SSE a eee Re i ha | De A Se Re ae Bees. ee. 24 
A ee ee BandC.. BL Rie Me cereals chess bbe aww ieins Cee pee ee 1,424 


aSee table 34. 


Owing to the fact that Mr. Hawley’s experiments were conducted 
with different varieties of peach, an accurate comparison can not be 
instituted between them. From the very excellent results obtained in 
experiment 8, where the unsprayed trees lost 90 per cent of their 
leaves and the sprayed trees only 3 per cent, and where the net gain 
in fruit by the sprayed trees was 1,424 per cent of the yield of the 
unsprayed trees, the writer believes Mr. Hawley’s conclusions are 
correct, viz, that the spray used in this experiment gave the best 
results. That the same spray did not give equally striking contrasts 
in experiments 2, 4, and 5 is probably due mainly to the fact that 

the trees of these experiments were not of the same variety as those 
of experiment 8, but were much more resistant to disease, hence no 
spray could have produced in the former experiments the same con- 
trast between sprayed and unsprayed trees. That the trees of experi- 
ments 2, 4, and 5 were not as badly diseased as those of experiment 8 
is shown to be a fact, for the unsprayed trees of the latter experiment 
lost 90 per cent of their leaves from curl, while those of the former 
experiments lost only 50 per cent. The same evidence is given by the 
fruit. The unsprayed trees of experiment 8 bore only 3.7 pounds of 
_ fruit per tree, while the unsprayed trees of experiments 2, 4, and 5 
_ averaged 45.7, 11.6, and 32.4 pounds of fruit per tree, respectively. 
From the preceding facts it appears that the most active and satis- 
_ factory spray used by Mr. Hawley was that containing 5 pounds of 
i copper sulphate, 5 pounds of quicklime, and 45 gallons of water. This 
is especially interesting from the fact that this spray also gave the 
best results among the 35 formule tested by the writer in the Sacra- 
~ mento Valley. . 

The relative value of the stronger sulphur spray (formula A) and the 
Bordeaux mixture used by Mr. Hawley (formula C) is well brought out 
in an experiment conducted by him on a somewhat similar scale, but 
with a single variety of peach—Hills Chile. This experiment admits 
__ of very satisfactory comparisons being drawn, and is summarized in 
_ the following table: 


4 ; . 
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TABLE 36.—Experiment No. 9, conducted by Mr. Smith Hawley. 


| Net gain of 
Total fruit over 


] + 
Row geile Age of | ee 


Variety of trees. Date of spraying. | yield of |yield of un- 


No. | used. STC... | trea: fruit. | sprayed 
trees. 
Years. Pounds. | Per cent. 
| oper Pea! pes Chiles cocec cescrese: 5 6; | -ApDIA eee 270 328 
7 iP aR [ee MRS aoa rc (as ey ee 5 6 | Unsprayed ....... 63:-|s.226- 555 
ae Gre ealee oe 0 ¢ ipenies aa Bitte ar AR Re A 5 6 | February 8 .....-- 306 354 
ra I Aiea ae doe 3 Se eee 5 6| vanuarylor Sess 189 200 


The preceding experiment shows that Mr. Hawley obtained from 
his Hills Chile trees a net gain in fruit of 354 per cent by spraying 
with the Bordeaux mixture (formula C), and a net gain of 328 per 
cent with the stronger sulphur spray when applied on April 12 and 
200 per cent when applied on January 19. These results indicate that 
the early winter treatment will probably not prove as effective in 
Michigan as a treatment of the trees shortly before the buds swell in 
the spring. It is probable, however, that the copper sprays will act 
more quickly than the sulphur sprays, on which account the latter 
should be allowed somewhat more time for action than the copper 
sprays, by applying them a little earlier in the spring. The copper 
sprays may be applied until the first buds begin to open, if neces- 
sary, but such a late application of the sulphur sprays would endanger 
the buds and new growth. 

The following are Mr. Hawley’s notes on this experiment: 
Experiment 9: 

June 23, 1894.—This experiment, although on a small scale, has been very inter- 
sting and instructive, and has been noted and admired by all who saw it. The 
rees stand on a slope, and a person standing on the opposite slope, only a few rods 
away, can see every tree, and the best possible chance is had to observe the effect of 
the different sprays, and to compare the treated with the untreated trees. The con- 
trast at this time is very remarkable. The trees were quite badly affected by leaf 
curl last year. ; 

October 1, 1894.—The contrast between the treated and untreated. trees is very 
great as regards yield of fruit, and the contrast in the trees themselves at this date is 
quite as remarkable. The treated trees look fresh and healthy and have made a fine 
growth, while the untreated trees look sickly and have made very little growth, 
looking, in fact, a year or two younger, as regards size, than the others. 


Late in the season of 1894 Mr. Hawley tested the sulphur and copper _ 
sprays to ascertain the comparative action of the same upon buds 
which were considerably swollen. He learned that the sulphur spray 
injured the buds to such an extent as to reduce the yield, while it— 
prevented curl. The copper spray, however, prevented curl and gave 
a decided increase in yield. He thus reaches the conclusion that 
formula A is more injurious to buds than formula C. While this is- 
true if the spray is applied at too late a date, it may be safely applied 
at an earlier date. It should also be mentioned that the sulphur sprays 


AUXILIARY WORK. 133 


have insecticidal properties much superior to those of the copper 
sprays. 

The Department work conducted by Mr. Hawley seems to have clearly 
‘demonstrated the possibility of controlling the most severe attacks of 
curl in the lake shore region of Michigan with a single spraying, when 
this is:done thoroughly and at the proper time. In experiment 8 the 
untreated trees were so badly affected that, as already stated, 90 per 
cent of the foliage and all but 3.7 pounds of the fruit fell from the trees, 
but by spraying ‘similar trees Mr. Hawley saved all but 3 per cent of the 
leaves—a gain of 2,900 per cent of foliage—besides increasing the yield 
of fruit 1,424 per cent. In other words, the sprayed trees held 30 
times as much spring foliage and over 15 times as much fruit as the 
unsprayed trees at their side, all being of the same variety. 

In the southern portion of the Michigan fruit. belt a number of 
growers assisted the Department in conducting experiments. Among 
the reports received from that section is one by Mr. George Lannin, 
of South Haven. Mr. Lannin’s work is summarized in the following 
table : 


Tas.e 37.—Experimental work conducted by Mr. George Lannin, of South Haven, Mich., 
in the spring and summer of 1895. 


[Nature of soil, sandy.] 


| Ke) Number Percentage Fruit 
. Es of Date of— of leaves produced 
E 8 trees— lost by— by— 
ai . ee : 
BS ~ gente oe Ape S g eat “ g 
Ss je caer OF | Variety of trees.| of : ¥y B | leaves| 2 | & 
Bel : trees. 3 | First |Second| § = was # ‘ 
oS < | & | spray-| spray-| > | esti- | o | & 
es 2 |) ing. | ing. > = |mated.| 2 | 8 
27, a | & Ss = so | & 
a? 5. | 4 2 ee | A 
i} nm |p ND Pp RD =) 
Years. ‘ Lbs.| Lbs. 
0 Ibs. sul- 
(D) ay ire ee 6 | 10] 10 |Apr.10 |May17| 20} 40 |July 10/1,200| 830 
salt. . 
(E) 5 lbs. copper |)___ 
9 sulphate, 10 |pHills Chile ..... 6 | 10 | 10 |...do..|June25 15 35 |.--do --|1,300] 600 
Ibs. lime. 
j 2 + ees 
sulphate, 3 = =o 
pts. ammo- Hales Early .... 6) t040: 1 2-do ues 2 do..| 20 40 |...do ..|1,760| 680 
nia. 
5 werd copper “ w 
carbonate, 3 - 6/10) 10 |...do..|June 8 10 30 |...do ..}1,800) 700 
pts. ammo- Crawfords Late. 
nia. 


' The spray formule tested by Mr. Lannin were not included in the 
work of Mr. Hawley, and are therefore characterized as Formule D, 
E , F,andG. As Mr. Lannin sprayed different varieties of peach trees 
vith 4 formule, the experiments can not be compared with one another 
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to advantage. The value of all the sprays used is shown, however, 

by the gain in fruit obtained. The percentage of net gain in fruit 

was 44, 116, 158, and 157 per cent, respectively. These figures show 
that the eau celeste (Formula F) and the ammoniacal copper carbonate 

(Formula G) gave satisfactory results. The action of the disease on 

the foliage of the trees of experiment 3 was more severe than it was on 

the foliage of the trees of experiment 4. The unsprayed trees of the 

former experiment lost 10 per cent more of their leaves than the trees 

of the latter. The percentage of gain in fruit from the sprayed trees 
of experiment 3 was, however, fully as great as that from the sprayed 

trees of experiment 4. This shows that the eau celeste (Formula F) 

was more effective in combating the disease than the ammoniacal copper 

carbonate, which was applied in experiment 4. 

Mr. F. N. Chesebro, of South Haven, sprayed 19 Crawfords Late 
and 19 Oldmixon trees in the spring of 1894, leaving 19 trees of each 
variety for comparison. The formula used was 15 pounds of sulphur, 
30 pounds of lime, and 10 pounds of salt to 60 gallons of water. Mr. 
Chesebro did not report the exact yield of his trees, but stated that 
the sprayed trees lost 20 per cent of their foliage and the unsprayed 
trees 80 per cent—a saving of 60 per cent of the foliage by a single 
spraying. His report is as follows: 

TABLE 38.—Experimental work conducted by Mr. F. N. Chesebro, of South Haven, Mich., 
in the spring of 1894. 


[Variety of trees, Crawfords Late and Oldmixon Cling; nature of soil, sandy loam. ] 


Number of Per cent of 
3 trees— leaves lost by— 
2 ob ws Date 
g | I “ 2 we 
oO wn x a3 =) OSS O | 
3 Formula. $ 3 5 g 3 leaves | 
3 8 = = = eS was esti- 
44 o S 3 o a dad ' ] 
—_ to) iS a b> fe mate . 
: Paes eer WP a ae a i 
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iby, oe _ I 
| ‘ 
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NS ine MONE Ss Sdsdad axis wale saa an q 
20 ips, met eee Bee ee eee ; F r f ; 
1 Sih Mites baidG cis iss 4 oa ea ee 13 38 88 | Mar. 7 20 80 | June, | 
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Mr. J. F. Taylor, of Douglas, Mich., reported favorably upon the 
spray work conducted by him in 1894. He used three different sprays, 
treating 50 trees with each, and leaving a like number unsprayed 
for comparison. ‘The formule used were those designated as A, B, and 
C, in the spray work of Mr. Smith Hawley. Mr. Taylor says, in regard 
to his work: 
The blossom buds had swollen somewhat when I began spraying, but the leaf buds 
were quite dormant. Formula A was used on March 29, Formula B on April 6, ane 


Formula C on April 20. Blossoms began to open on the last days of April, and by 
the 6th of May trees were well covered with bloom. The trees sprayed were 6 year 


t+ 


a 


|e 
a 


i 


AUXILIARY WORK. 135 


~ old, and of the following varieties: St. John, Barnards Early, Hinman, Switzerland, 


Gold Drop, and Early Freestone. Some of these varieties curled very badly last 
year, especially Early Freestone. The soil is quite uniformly a gravelly loam, with 
clay subsoil under all varieties. I made only one application with each formula. I 
think two applications would have been better. I sprayed 50 trees and then omitted 


~ §0 in each plat, or with each formula. I think Formula C gave as good results as 
~ any ofthem.! 


After the trees were in full leaf I invited neighboring fruit men to go through the 
orchard and note the conditions of the trees sprayed and unsprayed. They found 
the foliage of trees that had been sprayed almost free from curl, while the unsprayed 
trees were badly curled. * * * The unsprayed trees had a larger percentage 
of small dead limbs through the top than those that were sprayed, and the prospect 
for future crops is therefore better where the trees were sprayed. * * * I hope to 
follow the work up more extensively next spring, and will begin the work earlier in 
the season, if necessary. If Formula C will continue to give as good results as it did 
last spring, I prefer to use it. 


Mr. 8. I. Bates, of Shelby, Mich., sprayed a few Stump the World 
trees in the spring of 1894, leaving an equal number unsprayed for 
comparison. The crop from the sprayed trees was double that from 
the unsprayed trees at their side, and a large percentage of the foliage 
was also saved. Mr. Bates states that the spray seems to put new life 
and vigor into the trees, especially young trees. With respect to the 
action of curl on old trees, he writes that there is an old orchard just 
across the road from his own which has had curl until the trees have 
no bearing wood left except at the extreme tops, and the owner ** does 
nothing to prevent the disease and gets but little fruit.” ” 


NOTES ON THE AUXILIARY EXPERIMENTS IN OREGON. 


The climatic conditions under which peach culture is pursued in Ore- 
gon and Washington vary greatly. At the east of the Cascade 
Mountains the conditions approximate in many districts those pre- 
vailing in much of California. At the west of this range local 
influences determine the greater or less adaptation of each valley or 
region to the cultivation of the peach. Generally speaking, however, 
the humidity of the atmosphere for a major portion of the year is 
much in excess of that prevailing generally at the east of the Cas- 
cades or in California. In this respect also this northwest region 
is quite distinct from the conditions met with in most of the peach- 
growing regions of the East. In fact the climate of western Oregon 
and Washington is such as to call for separate consideration in connec- 
tion with our present work. For this reason special effort has been 


'This is the same formula that was found very satisfactory by Mr. Smith Hawley, 


at Ludington, Mich., and by the writer in the Sacramento Valley. 


* There are thousands of such peach orchards in the peach districts of the United 
States. To those who are interested in the renewal of young and bearing wood upon 


___ lower limbs and upon old trees, the writer would refer to the data presented in Chap- 


ter V of this bulletin, where the influence of sprays on the vegetation of trees has 
been quite fully considered. 
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made to carry out spraying experiments in western Oregon, so that 
the needs of the growers west of the Cascades could be supplied. 

The great rainfall which annually occurs on the west side of the 
Cascade Mountains makes the vegetation of that region especially 
liable to fungous diseases, and the peach is no exception to this rule. 
In the Willamette Valley, Oregon, along the lower Columbia, and in 
the basin of Puget Sound in Washington, peach leaf curl has become 
a great hindrance to extensive peach culture. In view of these facts, 
many peach growers of Oregon and Washington were requested by — 
the Department to conduct experiments for the control of the disease, 
and it was taken up by a number in 1894 and again in 1895. Several 
of the gentlemen who conducted such work prepared reports of the 
same, which should prove of much interest and value to the peach 
growers of both States. 

Among those who entered ‘heartily into the work was Mr. M. O. 
Lownsdale, of Lafayette, Oreg. This gentleman conducted very 
extensive spraying tests according to plans supplied by the Depart- — 
ment, both in 1894 and 1895, using in his work as many as 30 acres of — 
young peach trees in 1894. At the close of his experimental spray | 
work Mr. Lownsdale gave the following general facts respecting the 
situation in the Willamette Valley, in which Lafayette is situated, 
being the center of an extensive fruit-growing region of Yamhill 
County: 
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I hand you herewith my report of experiments for the prevention of peach leaf 
curl for the season of 1895, to which I desire to add a few words upon the status of 
the peach industry in the Northwest. 

Peach growing has been abandoned to a great extent in the Willamette Valley 
because of the attacks of the shot-hole fungus and leaf curl. Growers haye not — 
understood the causes of their troubles, and have attributed them to peculiar climatic — 
conditions, or have grouped them under the indefinite term blight; but now that the — 
nature of these fungous troubles is better understood, and the remedies suggested 
have proved so efficacious, it seems that the abandonment of the industry may have 
been premature. The success of the preliminary experiments has restored the con- 
fidence of orchardists in a great measure, and as it becomes widely known that our — 
fungous troubles can be controlled, increased attention will be given to peach — 
growing. 

Experiments through a series of four years on a block of 6 acres of Early Char-~ 
lotte peaches indicate that it may be possible to prevent these destructive fungi 
from getting a foothold in an orchard. This block of trees, which was planted in 
dormant bud, has received an annual treatment in October and two treatments each 
spring with the ammoniacal copper carbonate, with the exception of the spring of 
1895, when your modified Bordeaux was applied. Neither leaf curl nor shot-hole 
fungus has developed in this block. A fair crop of fruit was harvested this summer— 
. the fourth from the bud—and the trees are healthy and have grown luxuriantly. If 
intending planters would select perfectly healthy trees—either yearling or dormant 
buds—and would give them one treatment in autumn, as the Department has sug- 
gested, in addition to the spring treatment for leaf curl, it is probable that peach 
growing would again become profitable in the Willamette Valley. I am conyinced- 
that if the efficacy of the modified Bordeaux mixture for the control of leaf earl 


> 


had been known five years ago the industry would have been flourishing to-day, for 


wa 
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‘ith the treatment for leaf curl, which adds so much vigor and sturdiness to the tree, 
s indicated by the pushing out of dormant buds on lower branches, the liability to 
ittacks of other fungi would have been lessened, and it would then have been difli- 
cult for the great shot-hole wave to sweep over our orchards as it did in 1893 and 


i 

I The quality of peaches grown in the Willamette Valley is unsurpassed. No 
I locality in the United States can produce more delicious fruit. It seems judicious, 
then, to attempt to save this industry and render it profitable again. To this end it 
s to be hoped that the Department’s methods for the prevention of these fungous 


I; ttacks will be widely adopted. 


_ The spray work conducted by Mr. Lownsdale in the spring of 1894 
‘involved the spraying of some 1,700 young trees and the testing of 
10 spray formule. With each of the 10 experiments was included 
-aconsiderable number of unsprayed trees left for comparison, these 
control trees being of the same variety as the trees sprayed in the 
ame experiment, and in each case they were so located at the sides or 
among the sprayed trees as to admit of just comparison. Mr. Lowns- 
dale’s report upon this extensive work is given below. All the spray 
formule prepared by him were for 45 gallons of water: 


Thirty acres of peach trees were devoted to experimental work under your direc- 
These trees were Crawfords Early and Early Charlotte (a seedling from the 
Crawfords Early). In addition to these tests 10 acres were left wholly untreated 
| asa block gheck against the main experiments. All these trees were 3 years old, 
‘and had curled so badly in 1893 that they had twisted into shapeless masses, iench 
| they had partially recovered later in the season. The general plan of work was to 
| treat a block of at least 100 trees with each formula, leaving intervening check rows 
untreated. In some instances check rows were interspersed through the treated 
block, it being desirable to have all conditions as nearly alike as possible. 
| Formula A (10 pounds sulphur, 20 pounds lime, 10 pounds salt) was applied March 
te 21, 1894, to 264 trees in 8 rows, with 2 control rows on each side of the block. Curl 
a in about 3 per cent of the foliage sf the sprayed trees, while 60 per cent of 
he foliage of the untreated controls was affected. 
Formula B (5 pounds sulphur, 10 pounds lime, 5 pounds salt) was applied March 
f to 204 trees in 4 rows, with 2 check rows on each side of block. About 3 per 
¢ ent of foliage was affected, while untreated check rows curled very badly. 
| Formula C (5 pounds sulphur, 10 pounds lime) was applied to 166 trees on March 
Ne 22 in a block 4 rows wide, with the customary 2 check rows. Curl developed on 
A. bout 10 per cent of the foliage of the treated trees, and upon about 60 per cent of 
that of the controls. 
i Formula G (6 pounds copper sulphate, 10 pounds lime) was applied to 42 trees 
on March 17. About 5 per cent of foliage was affected on the sprayed trees, but the 
H' controls were so badly affected that they scarcely survived the summer. 
_ Formula H (3 pounds copper sulphate, 5 pounds lime) was applied March 20 to 
_ 186 trees in a block 6 rows wide. About 8 per cent of the foliage of the sprayed 
‘trees was affeeted, while the controls were as under Formula G. 
_ Formula I (2 pounds copper sulphate, 3 pints 26° ammonia) was applied March 20 
i 26 trees with 26 check trees. About 5 per cent of curl developed on treated trees, 
' while the check row was very badly injured. 
__ Formula J (4 pounds copper sulphate, 5 pounds sal soda, 3 pints 26° ammonia) was 
_ applied March 20 to 26 trees, with 2 check rows of 26 trees. Curl developed on 3 
fi pe cent of the foliage of the treated trees, but the controls were almost destroyed. 


' 
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Formula K (5 pounds sulphur, 15 pounds lime) was applied March 19 to 278 tree 
in a block 10 rows wide, with control rows of 69 trees each on each side. 
appeared on about 2 per cent of the foliage of the treated trees, while the check row; 
were, as in the previous year, a mass of curled leaves and twisted branches. Form 
K was also applied to 25 Salway trees and to 15 Alexanders, which had curled ver 
badly for many years, the Salways always being defoliated completely. These tree 
were 8 years old. No curl appeared on either variety. 

Formula L (5 pounds copper sulphate, 15 pounds lime) was applied March 13 and 
again March 21 to 262 trees, with 7 check rows interspersed through the block. Less __ 

it 


than one-fourth of 1 per cent of curl appeared on the treated trees of this test, whi 
the check rows were almost destroyed by the disease. The greater portion of these 
untreated trees have been dug up and replaced (February 13, 1895). Treated trees 
in this block made an excellent growth, though cultivated only moderately, and 
great majority were absolutely free from curl. } 

The ammoniacal copper carbonate, Formula M (5 ounces copper carbonate, 3 pints ~ 
26° ammonia), was applied March 22 to 210 trees, 2 chéck rows of 69 trees being left 
alongside. Less than 3 per cent of curl appeared on the block, while 65 per cent of 
the foliage of the control trees was curled. This formula was also applied twice, a 
intervals of two weeks, upon 5 acres of trees upon which no curl could be found 
This experiment, though remarkably successful, was not as conclusive as desired, 2 
no control trees were left. This was upon a block of thrifty trees, of which I did_ 
not care to sacrifice any portion to an experiment. The same treatment had pre 
served them the previous year, and I feared a change. 

All my treated trees have grown satisfactorily this year, but the 10-acre check 
block of untreated trees was so nearly destroyed by curl that all the trees will be 
dug up. Several hundred are dead, and of the remainder I think no tree has had a 
growth of 12 inches. 


It will be seen from Mr. Lownsdale’s report of the work in 189 
that several of the sprays used gave most excellent results. On May 
18 of that year he wrote: 

Curl has developed moderately, and everywhere the better condition of treate¢ 
over untreated trees is apparent. The trees treated with 5 pounds of copper s 
phate and 15 pounds of lime may be said to be absolutely free from the curl and the 
experiment a success. This block was sprayed twice in March. The check rows in 
this block and alongside are curled as badly as any trees except seedlings. 

The modified eau celeste (Formula J) is also giving good results, as is the 5 pounds 
of sulphur and 15 pounds of lime; but I believe the copper sulphate, 5-pound fo 
mula, is in the lead. This may be attributed to more thorough work, as most of the — 
other sprays were only applied once. 


Owing to the fact that no fruit records could be obtained from Mr, 
Lownsdale’s experiments in 1894, as the trees were yet too small, 
arrangements were made for the testing of some of the more valuable 
sprays in the spring of 1895. The experiments of 1895 show the gait 
in both foliage and fruit, though the yield was low, resulting from the 

use of 5 sprays—1L saiphes and 4 copper. The experiments were con 
fined to the Crawfords Early variety, and in each experiment the tree 
received two sprayings in March. All trees were 4 years old, but 
rather small. Mr. Lownsdale’s data on this work are presented in — 
the following table: | 
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Taste 39.—Experimental work conducted by Mr. M. O. Lownsdale, of Lafayette, Oreg., 
; in the spring and summer of 1895, 


[Variety of trees, Crawfords Early; nature of soil, red hill.] 
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But few comments upon the preceding table are required. It makes 
the fact perfectly evident that two spring sprayings are sufficient to 
almost absolutely control leaf curl in the Willamette Valley. In a 
| letter written June 25, 1895, Mr. Lownsdale says: 


_ Peach leaf curl has not developed as badly in this section as it did last year. I 
have estimated that about 40 per cent appeared on most of my control trees. Two 
sprays with lime, 10 and 15 pounds, and copper sulphate, 5 pounds, were an abso- 
lute success. Lime in the amount of 15 pounds gives the best results, there being 100 
per cent of healthy foliage on trees sprayed with this amount and 5 pounds of cop- 
Hex sulphate. Practically the same results were obtained with two applications of 
the ammoniacal copper carbonate. It is impossible to find a curled leaf on acres and 
_ acres of treated trees. 


7 In the Rogue River Valley, in the southern tier of counties of Oregon, 
"the conditions are somewhat more favorable for peach culture than in 
much of the Willamette Valley. The climate is somewhat intermedi- 
ate in character between that of northwestern Oregon and northern 
- California. Peach culture is quite extensive about Ashland, Medford, 
etc. The reports of Mr. E. F. Meissner, of Kerby, Josephine County, 
and of Mr. N. 8. Bennett, of Medford, Jackson County, are fairly rep- 
; Tesentative of those received from experiments conducted in southern 
_ Oregon. Mr. Meissner’s report again shows the great effectiveness of 5 
_ pounds of copper sulphate, 10 pounds of lime, and 45 gallons of water. 
With this formula he sprayed 4 Salway trees 4 years old, leaving an equal 


“number unsprayed for comparison. ‘Two treatments were given, the 
first February 22, the second March 10, 1895. From the sprayed 
trees 10 per cent of the foliage was lost: from curl, while from the 
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unsprayed trees 90 per cent was lost, leaving the trees nearly bare 
Unfortunately, frost killed the buds, ae no comparison of fruit wa 
possible, but it is safe to say that the fall of 90 per cent of the leave 
would have caused the loss of the crop, while 10 per cent loss wo 
have occasioned little, if any, falling of fruit. Mr. Meissner write; 
respecting his work that the copper sulphate spray ‘“‘has given fai 
better results than the sulphur, lime, and salt,” and that ‘‘the tree; 
sprayed with the bluestone citar look the best. of any in the 
orchard.” | 
Mr. Bennett used the 5-pound formula for the Bordeaux mixture 
as given for Mr. Meissner. He sprayed but once, on March 11, 1895 
The 29 trees sprayed averaged 44 pounds of fruit per tree, while the 
single control tree yielded but 9 pounds, or a net gain in fruit of 388 
per cent. The fact of most interest in connection with this work is, 
however, that the variety treated was the Elberta, which is probably 
more universally susceptible to leaf curl than any other variety now 
grown in the United States. The control of curl on this variety was 
almost absolute, as will be seen from the following letter from Mr 
Bennett: 
I send you to-day a report of the spraying for leaf curl. The experiment was an 
honest trial, and I feel very jubilant over the success. I have reported only the 
Elberta variety, as it was one of that kind which I left unsprayed. JI am more than 
pleased with the results, and can say that a good trial is all that any man needs who 
has the welfare of his orchard at heart (his pocketbook as well). The peaches from 
the sprayed trees were first-class, clean, and sold at the highest market price. I 
notice a very marked difference in the general health of the trees in favor of those 
sprayed. The leaves lost by the sprayed trees were, perhaps, one-half of 1 per cen 
The unsprayed tree was a little above an average tree in the spring. There were 28 
sprayed trees, which yielded an average of 44 pounds of choice fruit to the tree, 
nearly half of which packed 56 peaches to the box. I sprayed 75 Wheatland trees 
with the same success as far as leaf curl is concerned. They are fine, healthy trees 
now, and bore a good crop this season. They have been bad about curling, but I~ 
left an Elberta because that variety is the worst to curl, and if spraying did them no 
good I intended to grub them out. 


Mr. P. W. Olwell, of Centralpoint, Oreg., applied the sulphur 
spray to 400 Muir trees in his orchard, leaving 25 trees unsprayed for 
comparison. Theformula used by Mr. Olwell was 15 pounds of sulphur 
30 pounds of lime, and 10 pounds of salt to 60 gallons of water. His 
trees were 5 years old, growing in black, loamy soil. They were 
sprayed March 10. The sprayed trees did not lose any foliage from 
disease, while the control trees lost 25 per cent. The fruit records 
were not reported. 


NOTES ON THE AUXILIARY EXPERIMENTS IN CALIFORNIA. 


Besides the exper imental work conducted by the writer in the Sac 
ramento Valley in the years 1894 and 1895, a considerable number 0 
growers assisted in carrying on expotimente in different portions ©: 


‘inde 
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lifornia. Reports have been received from several of these growers, 
nd while in some instances they are not as complete as desired, the 
‘results shown are amply suflicient to determine the practical value of 
the work undertaken. 

_ Among the more complete and carefully prepared reports is one 
from My. A. D. Cutts, of Live Oak, Sutter County. The work was 
ried out in the winter of 1892-93, and was one of the experiments 
vhich led to the writer’s detailed series of experiments outlined in the 
esent bulletin. In this orchard the spray was not used in 1893 for the 
ontrol of leaf curl, but was applied for the purpose of destroying the 
an José scale, which was gaining a foothold in the orchard. The 
es infested by scale were scattered through a 40-acre block of the 
Crawfords Late variety. These trees had been marked, and in Febru- 
ary, 1893, were thoroughly sprayed with the sulphur spray, consist- 
ing of 15 pounds sulphur, 30 pounds lime, 10 pounds salt, and 60 gal- 
Tons water. Only a few of the trees were entirely sprayed. As curl 
developed seriously in that region in the spring of 1893, the contrast 
etween the scattered sprayed trees and the remainder of the block 
was very striking,and Mr. Cutts kindly consented to preserve the 
records of yield of a few of the sprayed and unsprayed trees for use 
in this connection. In the table which follows is shown the amount 
of fruit produced by each of the 9 sprayed trees included in Mr. 
Cutts’s records, as well as the weight and number of first, second, and 
‘third quality peaches. The same facts are given for an equal num- 
ber of neighboring unsprayed trees for comparison. 


BLE 40.—LExperimental work conducted by Mr. A. D. Cutts, of Iive Oak, Cal., in the 
spring and summer of 1893. 


[Crawtfords Late, 4 years old.] 


Sprayed trees. Unsprayed trees. 
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oe average yield of fruit of the sprayed trees given in the table 
oe 22 pounds per tree, while the average yield of the unsprayed 
Ss was but 6.44 pounds. This represents a gain in fruit by the 
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sprayed trees above the yield of the unsprayed trees of 24.8 times the | 
yield of the latter. In other words, there was a gain in yield of 2,48 q ! 
per cent from spraying. Much valuable information was also supplied — 
by Mr. Cutts in relation to the preparation and application of sprays, — 
and the writer has considered these subjects in.other portions of the 
bulletin. Some of the more striking photographs of sprayed and — 
unsprayed trees have also been obtained from Mr. Cutts’s orchard, — 
as well as the records of fruit buds elsewhere discussed (Pls. VII 
and XX). . 

The report of a test of the Bordeaux mixture (5 pounds copper — 
sulphate, 10 pounds lime, and 45 gallons water) was furnished by Mr. — 
H. B. Gaylord, of Auburn, Placer County. This experiment was_ 
made in the spring of 1895. Mr. Gaylord sprayed 10 Heaths Cling 
peach trees and 4 nectarine trees, the variety of which was not stated. 
The spraying was done February 15. Mr. Gaylord states that the 
unsprayed nectarines curled so badly that they bore no fruit at all, | 
while the 4 sprayed trees yielded 320 pounds. He says that every 
alternate tree was sprayed in a row of nectarines, and that the sprayed 
peach trees were in the worst places in the or See Respecting @ the 
result of the work Mr. Gaylord writes, in part: 


I herewith send you a partial report on the experiment for leaf curl. I used only 
one formula. The result is perfectly satisfactory. I sprayed some peach and some 
nectarine trees, both with good results. One nectarine tree sprayed has not a curled 
leaf, while one of the same kind, about 15 feet from it, which was not sprayed, has : 
lost nearly all its ieaves. The contrast is so great that it would be worth while to— 
have them photographed. A neighbor, Mr. G. P. Dixon, used formula 3 (2 pounds — 
copper sulphate, 3 pints ammonia, and 45 gallons water) with the same results, so _ 
that I am satisfied that the copper sulphate is what does the work. 


Mr. Gaylord also states that no leaves were lost from the peach trees 
sprayed, while all of the leaves curled on the unsprayed trees of the 
remainder of the orchard. 

In Amador County an extensive experiment was made in the spring 
of 1895, by Mr. George Woolsey, of Ione. Mr. Woolsey sprayed some 
2,500 trees of various varieties of peach and nectarine with 5 pounds of 
copper sulphate, 10 pound: of lime, and 45 gallons of water, and left 
720 trees unsprayed for comparison. ‘The spraying was done from 
February 20 to March 10. Most of the sprayed trees lost no foliage 
but a few in a wet situation lost not to exceed 25 per cent, while the 
unsprayed trees lost not less than 50 per cent of the leaves and a large 
amount of fruit. | 

Mr. Woolsey gives some notes respecting the work in the spring of 
1895, as follows: . 

A block of about 200 trees, Salways 12 to 15 years old, on well-drained soil, an 
500 Salways 4 years old, adjoining, I did not spray, thinking they were curl proof 
I regret I did not spray them. * * * The leaves are dropping, as well as a larg 
percentage of the fruit. I shall certainly spray them in the future. * * * 
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DESCRIPTION OF PLATE XX. 


Sprayed and unsprayed Crawfords Late trees in the orchard of Mr. A. D. Cutts, — 
Live Oak. The tree at the right was sprayed in February, 1893, with lime, sulphur, 
and salt; the trees at the left were untreated. See ‘‘ Notes on anxiliary experi- 
ments in California,’ for a full account of the work at Liveoak. (Photographed 
in May, 1893, after most of the diseased leaves had fallen from the unsprayed trees. — 
Compare with Pl. VII.) 


PLATE XX. 


Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture 


TREATED AND UNTREATED CRAWFORDS LATE TREES, LiVE OAK, CAL. 
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yparent result of spraying, one application, is as follows: Four control trees of Karly 
Rivers, adjoining trees sprayed March 2, are badly curled, leaves dropping, and also 


he greater portion of the fruit. The adjoining sprayed trees of this tender variety 
wre all right (no curl) and make quite a marked contrast. Besides these, 4 white 
dectarines and 4 Bilyeau peaches, left at the same time, show curl and loss of fruit, 
Uthough not as badly as the Early Rivers. The surrounding sprayed trees look 
vigorous and healthy, with no curl. 


_ Mr. Woolsey was among the first peach growers to adopt the copper 
sprays for the control of curl. His first experiments were made in 
92, and they proved so satisfactory that he sprayed quite extensively 
in 1893 and again in 1894. The work in 1893 was of special interest, 
the following extract from a communication received from him will 
how: 


_Isprayed nearly all my peach and apricot trees. I say nearly all; for, time press- 
ing, I found I would not get over all the peaches, so to save what I considered the 
most valuable portion, viz, the young lower growth, I had that sprayed and left the 
tops unsprayed. The season was a damp one and leaf curl was very prevalent with 
my neighbors. On my place all trees sprayed were exempt, all others badly affected 
and crops on them almost a failure. On the ones partly sprayed there was a healthy 
zrowth on the lower part of the trees, while they were denuded of foliage above. 


Mr. Woolsey’s work in 1894 was negative, owing to the nondevelop- 
ment of the disease that season. 

Two peach growers of Eldorado County, Mr. John M. Day, of 
Placerville, and Mr. A. L. Kramp, of Diamond Spring, furnished the 
writer with reports of their experiments conducted in the spring and 
summer of 1895. Mr. Day tried 4 formule, each showing a decided 
saving of foliage, but the fruit was lostfrom frost. The spray used 
by Mr. Kramp was composed of 10 pounds sulphur, 20 pounds lime, 5 
pounds salt, and 45 gallons of water. He sprayed 600 trees, 3 years old, 
of the Hales Early, Briggs Early, and Wilcox Cling varieties, and 3,000 
msprayed trees were left for comparison. The sprayed trees lost no 
foliage and yielded 48,000 pounds of peaches, while the unsprayed 
| rees lost not less than 50 per cent of their leaves and yielded 60,000 
pounds. The average yield of the sprayed trees was thus 80 oands 
P er tree, while the average yield of the unsprayed trees was but 20 
pounds, a net gain of 300 per cent. 

- Gen: N. P. Chipman, of Red Bluff, has been using for at least two 
years a formula for Bordeaux mixture which gave the writer exceed- 
ingly good results at Biggs (see row 21 of the writer’s experiments, 
P. 117). Mr. Chipman writes that his experiments were upon several 
varieties of peach trees and that excellent results were obtained. He 
further says: ‘‘I used equal parts, or 5 pounds bluestone, 5 pounds 
quicklime, and 45 gallons water. I believe you have found an infalli- 
ble remedy. I have used this spray two years with good effect.” Mr. 
Shipman first observed the effects of this spray in the experiment 
ck at the Rio Bonito orchard, in the summer of 1895. 
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NOTES ON THE AUXILIARY EXPERIMENTS IN NEW YORK, INDIANA, 
OTHER PEACH-GROWING STATES. 


Much experimental work for the control of leaf curl has been unde 
taken at the suggestion of the Department by the peach growers 
New York, Indiana, Ilinois, Ohio, Kentucky, Maryland, Pennsylys 
nia, Georgia, Tennessee, North Carsis Arkansas, Missouri, Kansas 
and other peach- growing States not already considered in this bullet 
For instance, 80 pr Scere pet ach growers of various peach-growin 
centers of Nee York were given full instructions for the control of - 
curl in the winters of 1893-94 and 1894-95, and requested to report thei 
work, which in a number of instances was carefully done. The same 
is true of 54 growers in Ohio, 135 in Pennsylvania, ete., and in each 
~ case where the work was properly conducted the results were in lar 
mony with those already discussed in this chapter. For this reason 
as well as from the fact that the work already considered has bee 
selected from those sections of the country which are fully represer 
tative of the different climatic conditions, it is not thought necessary 
or desirable to enter much further into the details of the work. On 
or two experiments may be mentioned, however, before closing 
consideration of this phase of the subject. 

Mr. Joseph M. Cravens, of Madison, Ind., reported almost absolut 
success in the control of curl in his orchard. The sprayed trees 
the 4 experiments made in no case showed more than 3 per cent 0 
curled leaves, while the amount of curl on the foliage of the unsprayed 
trees ranged from 25 to 45 per cent. Mr. Cravens states in a letter: 
accompanying his report that he sprayed separate rows through 
orchard which were sufficiently far apart not to have the spray affeet 
the intervening rows even if the wind blew at the time of appiication 
and further that he is satisfied that two of the sprays used would hay 
given absolute results had they been applied to every portion of every 
twig. 7 
Mr. W. T. Mann, of Barkers, N. Y., sprayed 25 trees with the lime 
sulphur, and salt spray April 9, 1894, and left 25 trees at their sid 
without spraying for comparsion. On May 28 only 42 diseased leaves 
were found on the 25 sprayed trees, while as high as 40 per cent of 
curled foliage was present on some of the unsprayed trees. On the 
same date as the other spraying was done 25 trees were sprayed with 
Bordeaux mixture, while 21 were left for comparison. By Me Z 
only 59 curled leaves had developed on the entire 25 sprayed tree 
while of the 21 unsprayed trees several had as high as 80 to 85 per 2 
of curled leaves. Mr. Mann says that from the fact that among th 
50 trees treated not one showed an appreciable amount of diseas 
while all through the orchard trees were badly affected, was to hi 
very satisfactory evidence of the value of the treatment, ‘especially 
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» did not undertake the work with any great degree of confidence as 
o successful results. 

Mr. James A. Staples, of Marlboro, N. Y., states that in the sea- 
ons of 1894, 1895, and 1896 he made the spray tests on peach trees 
or leaf curl which had been suggested by the writer, and says he 
s well-satistied that the disease can be controlled by proper spraying. 
He states that the winter treatment gave him the best results. 

Mr. A. D. Tripp, of North Ridgeway, N. Y., states in his report of 
pray work for curl that he treated 208 trees and left 320 trees 
msprayed. From the sprayed trees he gathered ‘‘360 baskets of as fine 
ruit as ever went to market.” The baskets were one-third of a bushel, 
md the peaches averaged 56 to the basket. From the untreated trees 
mly 15 baskets were gathered, and a portion of this fruit was imper- 
rect. The variety was the Elberta. 
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CHAPTER VIII. 


PREPARATION, COMPOSITION, AND GENERAL CHARACTERS OF 
THE SPRAYS USED. 


PREPARATION OF THE COPPER SPRAYS. 


It is not the intention to consider in this place the many forms of _ 
copper sprays which have been used at one time or another in the — 
treatment of fungous diseases, but to confine the discussion to those 
forms tested in the present work. 

Most of the formule for those copper sprays which have been tested 
in the treatment of peach leaf curl have been personally prepared at 
one time or another and the results they gave have been carefully 
studied. Several other formule have been recommended by the writer, 
but these were prepared and applied by the growers themselves, so 
that for the results of this work their reports have been consulted. 
There are still a few other formule for copper sprays which have 
been reported upon, but these are the suggestions of others or were 
chosen by the growers themselves. __ 

The different copper sprays which have been tested in separate form _ 
(not in union with other fungicides) are shown in the following list 
This list includes 22 distinct formule. Each formula is that used with — 
45 gallons of water, except the first for Bordeaux mixture, which was 
with 48 gallons. 


TABLE 41.—Copper sprays applied for the control of peach leaf curl. 


Copper sulphate solution: 
* 4 pounds copper sulphate, 45 gallons water. 
* 2 pounds copper sulphate, 45 gallons water. 

Bordeaux mixture: 

+ 24 pounds copper sulphate, 45 pounds lime. 

* 6 pounds copper sulphate, 15 pounds lime. 
{5 pounds copper sulphate, 15 pounds lime. 
* 3 pounds copper sulphate, 15 pounds lime. 
{6 pounds copper sulphate, 10 pounds lime. 
*5 pounds copper sulphate, 10 pounds lime. 
* 3 pounds copper sulphate, 10 pounds lime. 
*5 pounds copper sulphate, 5 pounds lime. 
*4 pounds copper sulphate, 5 pounds lime. 
*%3 pounds copper sulphate, 5 pounds lime, 


*Prepared and tested by the writer, and in many cases also tested by growers. 

+ Chosen and tested by grower. 

{ Recommended by the writer, but tested by the growers. nN 
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Bordeaux mixture—Continued. 
*2 pounds copper sulphate, 5 pounds lime. 
*6 pounds copper sulphate, 4 pounds lime. 
*6 pounds copper sulphate, 3 pounds lime, 
*3 pounds copper sulphate, 2 pounds lime. 
Eau celeste: 
*4 pounds copper sulphate, 3 pints ammonia (2 
} *2 pounds copper sulphate, 3 pints ammonia (2 
Modified eau celeste: 
*4 pounds copper sulphate, 5 pounds sal soda, 3 pints ammonia (26°). 
*2 pounds copper sulphate, 3 pounds sal soda, 2 pints ammonia (26°). 
— Ammoniacal copper carbonate: 
4 *5 ounces copper carbonate, 3 pints ammonia (26°). 
*3 ounces copper carbonate, 2 pints ammonia (26°). 


6 
6 


Pi 
en 


* Prepared and tested by the writer, and in many cases also tested by growers. 


The preparation of the copper sprays containing ‘different chemical 
— constituents will be considered in the order in which they appear in 
_ the preceding list. 


COPPER SULPHATE SOLUTION. 


Copper sulphate (CuSO,.5H,O), commonly called blue vitriol or 
bluestone, forms, when-dissolved in water, one of the most active 
_ fungicides known. This chemical, the composition, manufacture, and 
~ sources of supply of which will be more fully considered in a follow- 
ing chapter, dissolves in cold water, but somewhat more readily in 
hot water. As usually sold, the crystals are large, but a fine form 
may also be had in the market. If the large crystals are purchased 
and it is desired to dissolve them rapidly, they may be ground ina 
bone or shell mill before placing in the water. This has frequently 
been done by the writer when quick work was necessary. 
Copper sulphate may be manufactured by dissolving the black oxide 
of copper in sulphuric acid, or by the various modifications of this 
process. hereinafter discussed. A watery solution of this chemical is 
strongly acid, and for this reason a simple solution of copper sulphate 
is very corrosive and injurious to tender plant tissues, as foliage and 
opening buds. To avoid this injurious action, efforts have been made 
to obtain from the copper sulphate solution a spray retaining the 
- fungicidal action of the copper, but by the addition of other chemicals 
to neutralize or largely remove its acid reaction and consequent cor- 
_rosive effects upon plants. Asa result there are a very considerable 
number of copper sprays, representing various modifications of the 
simple solutign of copper sulphate. 
Owing to the acidity of a solution of copper sulphate, the sulphate 
should not be dissolved or handled in metal dishes of any kind, espe- 
_ cially those of iron. The copper will often go to the metal, thus 
injuring the effectiveness of the spray, and the acid may also injure 
or destroy the dishes. The most suitable vessels for dissolving copper 
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sulphate for work such as here discussed are those composed wholly | 
of wood, preferably of oak, and may be in the form of barrels, casks, 
vats, or tanks, of a capacity corresponding to the respective needs of 
the growers. For small orchards a few good oak barrels of 45 or 60 — 
gallons capacity are very suitable. As concentrated solutions of cop-— 
per sulphate can be made, enough of the sulphate can be easily dis- 
solved in a 60-gallon barrel to serve for 300 or even 1,200 gallons of - 
spray when properly reduced. It is well, when possible, to use 2 
gallons of water to each pound of sulphate when dissolving the latter, 
but stock solutions may be of two to four times this strength. A 
solution of copper sulphate is heavier than water, so that it is an 
advantage in hastening the dissolving process to retain the chemical 
near the top of the water. If this can be done, the heavier copper 
solution will settle to the bottom of the barrel, leaving the purer 
water to continue the dissolving action upon thé sulphate. The 
placing of the copper ina gunny sack and suspending the latter in 
the water has been recommended, but it is thought that other means 
more suitable may be found. The use of sacks or other cloths about 
the spray tanks is hardly advisable, as the freer the tanks are kept. 
from lint, strings, fibers, etc., arising from straining cloths, sacks, 
frayed staves, and stirring sticks, the less trouble the sprayer will. 
have with bis nozzles in the prone. and the better, quicker, and 
cheaper can the spray work be done. 

Instead of a sack, a clean willow or hard-wood splint basket may be 
used for suspending the chemicals. A box may also be easily made 
for the purpose. It should have a diameter, when about 1 foot 
deep, sufficient to hold the copper sulphate to be dissolved, anid it 
should be open at the top, with strong 1-inch slats across the bottontl 
the latter to be set one-fourth inch apart. If the box be fitted with 
a strong hoop bail it may be suspended in the barrel by placing a stick 
through the bail and across the top of the barrel. As a rule, how- 
ever, the writer has found it sufficient to place the copper sulphate 
dir ety in the bottom of a good oak barrel, filling the latter one-third 
to one-half full of water, and stirring and arching the crystals with a 
clean hard-wood pounder. A half hour’s work is sufficient to dissolve 
many pounds of copper sulphate in this manner. With three or four 
good barrels one man can thus keep a large spraying gang supplied 
with material, if the water be convenient. It is always an advantage 
to place the Copper in water in the barrels over night, when possible, 
as sufficient material is thus easily made ready in “the morning for ¢ 
half day’s spraying. It is an advantage to strain all water before the 
copper sulphate is added, as afterwards ordinary strainers are liable 
to be injured by the See and, as before stated, the use of cloth 
strainers is not advisable. 

The eyes and hands should be protected as much as possible fron 
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injury by this spray (p. 171). The unaltered solution of the copper 
sulphate is not only unpleasant to handle and apply, and injurious to 
tender vegetable tissues, but it is quite injurious to all metallic parts 
of pumps, hose, extension rods, and nozzles, nozzles being eaten out 
very rapidly by it. For these various reasons the solution of 
copper sulphate is rarely used as a spray in an unmodified form. In 
most cases its corrosive action is more or less altered or neutralized 
through the addition of some modifying agent. In other words, the 
~ copper sulphate solution is used as a base or stock solution for the 
_ preparation of several more or less noninjurious and equally effective 
sprays, as the Bordeaux mixture, the eau celeste, the modified eau 
— celeste, the ammoniacal copper carbonate, etc. For this purpose it 
may be prepared in a concentrated solution, to be used as a stock 
solution for the preparation of any of the modified sprays mentioned, 
as already pointed out. 
A convenient strength for stock solutions is 1 pound of copper sul- 
phate to 1 or 2 gallons of water. In using stock solutions, two matters 
should always be considered: (1) The pails, barrels, or tanks used 
should be carefully gauged and marked, so that the number of gallons 
of water or of the solution they contain may be known and not guessed 
at.’ (2) Before dipping from a stock solution any required number 
of gallons, the solution should be thoroughly stirred, otherwise the 

last dipped out will be very much stronger than that coming from the 

top, and consequently the work will be inaccurate and often very 
_ unsatisfactory; moreover, neglect of this precaution might, in many 
cases, lead to the injury or even to the destruction of the plants 
treated. It may also be said that the copper sulphate solution should 
_ be cold when used in the preparation of. Bordeaux mixture, eau celeste, 
modified eau celeste, or ammoniacal copper carbonate. 


PAK oO 


BORDEAUX MIXTURE. 


Bordeaux mixture is prepared by uniting the milk of lime with a 
_ solution of copper sulphate. The reaction which takes -place when 
r: two solutions are united as well as the other chemical phases 
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1 The following rules for measuring square and round tanks and casks may prove 
of value in this connection: 
Circular cisterns.—Maultiply the square of the diameter in feet by the depth in feet 
and the product by 53 for the contents in gallons. 

Circular casks or barrels.—Multiply the square of the average diameter in inches by 

34, and that by the height in inches, and point off four figures. The result will be 
the contents in gallons and decimals of a gallon. The average diameter of a barrel 
_ may usually be obtained by adding the greatest diameter to the least diameter and 
dividing by 2. 
| Square tanks.—Multiply the width in feet by the length in feet, and that by the 
depth in feet, and that again by 7;4%, which will give the contents im gallons. 
other and simple method is to multiply the length, width, and depth in inches, 
d divide by 231, which will also give the contents in gallons. 
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of the subject, have formed the base for much discussion and investi- 
gation, which it is not necessary to consider here, especially as these 
chemical changes are variously interpreted by different writers. 
Those interested in the history and chemistry of Bordeaux mixture 
may learn of the extensive literature upon these subjects by referring 
to the writings of Lodeman,* Fairchild,’ and others. 

In the union of the milk of lime with a solution of copper sulphate 
there is produced a mixture having great value asa general fungicide, 
and, as already shown, of especial value for the treatment of peach 
leaf curl. The mixture possesses several advantages for orchard work 
over a simple solution of copper sulphate: (1) The addition of suffi- 
cient milk of lime to a simple solution of copper sulphate neutralizes — 
the acids of the latter to such an extent that the resulting mixture is 
practically noninjurious to foliage and buds, while still retaining the 
fungicidal qualities of the simple sulphate solution. (2) The corrosive — 
action of Bordeaux mixture upon pumps, pipes, nozzles, etc., is com- 
paratively slight. This is of great advantage in doing uniform and 
thorough work. (3) The lime of Bordeaux mixture causes the spray 
to become visible upon the trees sprayed, and while this is not 

‘desirable in the spraying of maturing fruits, and is avoided by adopt- 
ing other sprays, it is of very great value in the treatment of bare 
dormant trees, as it enables the workman to distinguish the sprayed 
from the unsprayed portions of the tree, and thus to complete his — 
work more thoroughly than could otherwise be done. In case of the 
employment of hired help for applying sprays, as is usually done, the — 
superintendent or owner of the orchard may know beyond question — 
by the appearance of the trees whether or not his men are doing satis- 
factory work. As thoroughness is a matter of prime importance in 
the treatment of peach leaf curl, too much stress can hardly be placed 
upon this advantage of Bordeaux mixture over several other sprays. — 
(4) The adhesive qualities of Bordeaux mixture are very great, — 
and therefore it is even more desirable for a winter than for a 
summer spray. This is especially so in portions of the country where 
the summers are dry, as on the Pacific coast. (5) The whitening of 
the trees by the use of Bordeaux mixture, provided the spraying 
is done somewhat early in the winter, is claimed to retard the develop- 
ment of the buds. The unsprayed trees absorb more heat, which 
causes the buds to swell during warm days in winter, thus making 
them liable to injury from subsequent cold.* 

The methods of preparing Bordeaux mixture for large and small 
orchards may vary according to the requirements and facilities of the 


1 Lodeman, E. G., The Spraying of Plants, Macmillan & Co., 1896. 
2¥airchild, D. G., Bordeaux Mixture as a ‘Fungicide; Bull. No. 6, Division of Veges 
table Pathology, U.8. Dept. of Agr. | 
* Whitten, J. C., Winter Protection of the Peach, Mo. Agr. Exp. Sta. Bull. No. é aS 
Some of the cone lusions from the work of Mr. Whitten are: Whitening the twigs and 
buds by spraying them with whitewash is the most promising method of winter pre 
tection tried at the Missouri Station; whitened buds remained practically dorman’ 
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growers, but the general principles involved remain the same. As a 
common example, the manner of preparing the 5-pound formula will 
be described: Ina 45 or 60 gallon barrel place 5 pounds of copper sul- 
phate and add 10 or 12 gallons of water. Pound and stir the copper 
‘sulphate until wholly dissolved. In a half barrel slake 5 pounds of 
quicklime and reduce with 10 or 12 gallons of water. Strain the milk 
of lime into the copper solution, stir thoroughly, and add suflicient 
water to make 45 gallons in all. The copper and lime solutions should 
both be cold when united. When the water is added and the whole is 
well stirred the spray is ready to be applied. 

For the manner of preparing the stock solution of copper sulphate to 
be used for Bordeaux mixture the reader is referred to pages 148 and 
149, where full instructions will befound. In respect to the addition of 
_ lime to the copper solution, it may be said that the milk of lime result- 
ing from the slaking of 2 pounds of good quicklime in 6 or 8 gallons 
of water is sufficient to neutralize a solution of 3 pounds of copper 
sulphate. Larger amounts of copper should receive larger amounts 
of lime in proportion. In case foliage is to be treated, however, it is 
_ well before using the mixture to test it according to one of the methods 
given,’ or to bring the weight of quicklime used to three-fourths, 


until April, when unprotected buds swelled perceptibly during warm days late in 
February and early in March; whitened buds blossomed three to six days later than 
unprotected buds; 80 per cent of whitened buds passed the winter safely, and only 
20 per cent of unwhitened buds passed the winter unharmed. These facts point to 
those sprays having large amounts of lime as most valuable in protecting buds, and 


__ they should be considered in those sections of the country where the buds are liable 
_ to winterinjury. A fall spraying may also bea decided advantage in such situations 


in addition to the early spring spraying for curl. 

See also on this subject the January number of the Canadian Horticulturist, 1899, 
pp. 18-20. 

'There are at present several convenient methods practiced in making Bordeaux 
mixture to determine if enough lime has been added to the copper sulphate solution 
to prevent injury when the mixture is applied to foliage. We adapt the following 
two tests from Farmers’ Bulletin No. 38 of this Department, p. 7: (a) After the 
_ milk of lime and copper sulphate solutions have been united and thoroughly stirred, 
hold the blade of a penknife in the mixture for at least a minute. If metallic copper 
forms on the blade or the polished steel surface assumes the color of copper plate, 
the mixture is still corrosive and should receive more milk of lime. If the blade 
remains unchanged, the mixture may be safely applied to most foliage under favor- 
able weather conditions. (b) Pour some of the mixture into a saucer, hold between 
the eyes and the light, and breathe gently upon it for at least half a minute. If the 
mixture is properly made, a thin pellicle, looking like oil on water, will begin to 
form on thesurface. If no pellicle forms, more milk of lime should be added. A third 
test (c) may be made with a 20 per cent solution of ferrocyanide of potassium: After 
the milk of lime is added to the copper sulphate solution, and the whole is thoroughly 
stirred, dip up a coffee cup full and add to this a few drops of the ferrocyanide of potas- 
sium solution. Allow the cup to stand a few minutes and then pour off the mixture 
carefully. Ifa red precipitate is found at the bottom of the cup, the mixture requires 
more milk of lime, which should be added until no such red precipitate is formed 
when the test is repeated. 
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four-fifths, or five-sixths of the weight of the copper sulphate used. 
With the present experiments it has been unnecessary to take this 
matter into consideration, for the spray was applied to dormant trees, 
not likely to be injured by any moderate spray. In nearly all the for- 


mule tested for curl the pounds of lime employed were equal or 


ereater than the number of pounds of copper sulphate used. 

The lime used in preparing Bordeaux mixture should be unslaked 
lime or quicklime of the best quality. There is no economy in using 
poor lime, and air-slaked lime should never be used. The use of poor 
or air-slaked lime is apt to result in an imperfectly neutralized, and 
very granular, unsatisfactory spray. While the slaking of lime and 


the preparation of a milk of lime is a very simple matter, it is one- 


which few people not accustomed to the process will do well the first 
time. If not properly slaked, there are apt to be hard particles in the 


spray, causing trouble with the nozzles. In slaking lime, water should 


be added to the lime only fast enough to keep it from overheating, 
adding a little more each time as the heat increases. With some lime 


the use of a little hot water to start the slaking will hasten the pro-— 


cess. With a little practice this work can be done so as to result in a 


perfect putty or cream of lime. When the thick, creamy consistency — 


is obtained, it is well to allow the mixture to stand for half an hour, 
if possible, while hot, being sure that enough water is present to pre- 
vent drying out. If the Bordeaux mixture is then to be made, cold 
water should be added to the lime putty, or cream, and the whole 
stirred until it becomes a milk of lime and is cool. About 3 gallons 
of water should be added for each pound of lime. This cool or cold 
milk of lime should now be strained through a wire sieve or strainer 
into the copper sulphate solution, previously prepared, and the whole 
thoroughly stirred. 


The solution of copper sulphate should also be cold when the milk 


of lime is added. After the two solutions are thoroughly united the 
mixture may be reduced to the required amount with cold water, when 
the spray is ready for use. The lime and copper solutions should 


never be united more than a few hours before the spray is to be applied. — 


When making Bordeaux mixture wooden vessels should be used, as 
barrels, half barrels, tanks, ete. 

For peach leaf curl the amount of copper sulphate and lime to be 
used to 45 gallons of water will vary according to the views of the 
grower, after making a study of the results obtained from the different 
formule tested in the present series of experiments. 


EAU CELESTE. 


The preparation of eau celeste is very simple. To each 2 pounds — 


of copper sulphate dissolved in 6 or 8 gallons of water add 3 pints of 
strong ammonia, stir thoroughly, and dilute to 45 gallons. The stock 


iy 
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solution of copper sulphate may be used in preparing this spray. 
Four pounds of copper to 3 pints of ammonia for 45 gallons of water 
has also proved an effective winter spray. 

For dormant trees this spray is safe, but for the treatment of foliage 
itis too corrosive and burning. It is also quite corroding to nozzles and 
_ other metallic portions of the spraying outfit. 


4 


; MODIFIED EAU CELESTE. 


The modified eau celeste is less injurious to foliage than the eau 
celeste, but is more liable to injure tender leaves and buds than is well- 
made Bordeaux mixture. Its preparation is nearly as simple as that 
_ of the eau celeste. To 4 pounds of copper sulphate dissolved in 10 or 
12 gallons of water add 3 pints of strong ammonia, dilute with water 
to 45 gallons, and stir in this mixture 5 pounds of sal soda (common 
_ washing soda) until dissolved. In preparing this spray of different 
strengths the same proportions of the chemicals may be maintained. 


AMMONTACAL COPPER CARBONATE, 


The ammoniacal copper carbonate spray is one of great usefulness 
in the treatment of fruits for fungous diseases, especially where the 
spotting of fruits by the ase of lime is to be avoided. The fungicidal 
_ value of this spray is, however, far inferior to the ordinary Bordeaux 
mixture. In the treatment of peach leaf curl it has proved less satis- 
_ factory than several of the other copper sprays. 

_ The manner of preparing this spray is simple. Place 5 ounces of 
_ copper carbonate in the bottom of a 3-gallon crock. From a 2-gallon 
vessel full of water pour about one-half pint of water upon the copper 
_ carbonate and stir the latter until it becomes like paste. Now add the 
remainder of the 2 gallons of water, stir again, and then pour into 
the mixture 3 pints of 26° ammonia. After this has been thoroughly 
stirred, it should be covered and allowed to stand for half an hour, 
when the whole should be added to a barrel containing 43 gallons of 
water. When well mixed this spray is ready to be applied. 
A concentrated solution of copper carbonate in strong ammonia may 
be made as above described, using but one-half of the amount of water. 
If such a solution is very tightly stoppered in a large demijohn or jug 
it may be kept as a stock solution, ready for use at any time. By 
_ knowing the amount of copper carbonate in each quart of such a stock 
solution enough may be measured out at any time to prepare a given 
number of gallons of spray of any desired strength. 

The copper carbonate used in the preparation of the present spray 
is frequently not obtainable in quantity at the drug stores in smaller 
towns. It is also frequently the case that druggists in such places 
charge two or three and sometimes four or five times as much as it is 
worth, making the ultimate cost of the spray beyond the reach of the 
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grower. For this reason the writer gives, on page 183 of this bulletin 
a simple way of preparing the copper carbonate on the farm at a 
minimum figure.? | 


PREPARATION OF THE SULPHUR SPRAYS. 


While the use of copper sulphate as a base for sprays intended for 
the control of fungous diseases is very general, there are special dis- 
eases or combinations of diseases which may be more cheaply, and 
often more successfully, treated with sulphur in the form of powder 
or spray. The world-wide use of sulphur for the control of powdery 
mildew of the grape is a well-known example. It is also known that 
sulphur possesses valuable insecticidal qualities, and many of the scale 
insects and mite diseases of our fruit trees may be readily controlled 
by the use of sulphur so combined and prepared as to be applicable 
as aspray. For many years the most successful and almost the only 
treatment of the San José scale on the Pacific coast has been by sulphur 
sprays. This scale is very injurious to peach trees, and the time for 
the application of sulphur for its treatment is during the winter, at the 
time of treatment for peach leaf curl, when the tree is dormant. It 
has already been shown in this bulletin that such a winter treatment 
of the peach tree with sulphur sprays will also control peach leaf curl. 
For this reason, and the fact that the San José scale is constantly 
spreading throughout the East, much attention is here given to the 
presentation of this form of spray, one application of which may con- 
trol two serious diseases. Experiments conducted by the writer have 
shown that the pear leaf mite may be controlled by the winter use of 
sulphur sprays, and it is thought probable that their use will also con- 
trol the oyster-shell bark louse of the apple, which has become almost 
a scourge over much of the East and in the Pacific Northwest. 

As in the case of copper sulphate sprays, it has also been found 
that the sulphur sprays may be most satisfactorily prepared by com- 


'TIn view of the work of Mr. C. L. Penny, published in Bulletin 22 of the Delaware 
Agr. Exp. Sta., 1893, the amount of water recommended to be added before the strong 
ammonia water is poured upon the carbonate of copper is much greater than formerly 
used by the Department. Mr. Penny conducted a somewhat extended series of 
experiments to ascertain the solubility of copper carbonate in ammonia gas as it is 
contained in ammonia water of different strengths. He found that a given amount 
of ammonia gas in a weak solution of ammonia water dissolves more copper than the 
same amount of gas in a strong solution. A given weight of ammonia gas in a 2 to 4 
per cent solution of ammonia water dissolves more copper carbonate than an equal 
weight of gas in either a weaker or stronger solution. The gas in a 2 to 4 per cent 
ammonia water will dissolve its own weight or more of copper carbonate. On the 
other hand, the ammonia gas in a10 per cent solution of ammonia water will dis- 
solve but 60 per cent of its weight of copper carbonate, and ammonia gas in a 20 per 
cent solution dissolves only about 35 per cent of its weight of copper. Furthermore 
the ammonia gas contained in ammonia water of less than 2 per cent strength rapidly 
loses its power to dissolve copper carbonate as the solution is weakened. 


| 
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pining sulphur with lime. Salt has also been used in connection with 


these sprays in several formule. 

In the following table are shown the various formule for sulphur 
sprays which have been tested for the control of peach leaf curl. All 
‘formule are for 45 gallons of water, except where otherwise stated. 


~TABLE 42.—Sulphur sprays applied for the control of peach leaf curl. 


*15 pounds sulphur, 30 pounds lime, 10 pounds salt, 60 gallons water. 
*10 pounds sulphur, 20 pounds lime, 10 pounds salt, 60 gallons water. 
+15 pounds sulphur, 30 pounds lime, 10 pounds salt. 
| *10 pounds sulphur, 20 pounds lime, 10 pounds salt. 
I +10 pounds sulphur, 20 pounds lime, 5 pounds salt. 
é *5 pounds sulphur, 10 pounds lime, 5 pounds salt. 
| +5 pounds sulphur, 10 pounds lime, 3 pounds salt. 
+ 15 pounds sulphur, 30 pounds lime. 
710 pounds sulphur, 20 pounds lime. 
¢ 10 pounds sulphur, 8 pounds lime. 
+6 pounds sulphur, 4 pounds lime. 
+5 pounds sulphur, 15 pounds lime. 
+5 pounds sulphur, 10 pounds lime. 
+5 pounds sulphur, 5 pounds lime. 


* Recommended by the writer, but tested by the growers. 
+ Prepared and tested by the writer, and in numerous cases also tested by growers. 


It takes longer and is more difficult to prepare the sulphur than the . 
| copper sprays; but where the sulphur may be obtained at liberal whole- 
-sale rates the expense of the two classes does not vary greatly. For 
facts respecting the sources of sulphur, etc., the reader is referred to 
page 190. 

The sulphur sprays are prepared by boiling the ingredients (sul- 
phur, lime, and salt, or sulphur and lime) in water for not less than 
two hours. So far as the writer’s experiments are concerned, there 
has resulted no apparent advantage in the treatment of curl by the 
addition of salt to these sprays. The usual method which growers 
having small orchards follow in preparing sulphur sprays is to slake 
one-third to one-half of the lime required, in the vessel in which the 
boiling is to be done. When slaked to a thin cream the sulphur is 
stirred in, all lumps of sulphur having been first pulverized. Boiling 
is now added to make one-half to two-thirds the amount required 
‘by the formula. This mixture is boiled for not less than one and one- 
half hours, only boiling water being added if it becomes necessary to 
‘reduce the mixture. If the boiling is done in a kettle or iron pan, great 
| are is necessary to prevent the caking and burning of the materials. 
' When the mixture has boiled for the time stated or longer, the remainder 
of the lime is slaked and the salt is added to itand well stirredin. This 
lime and salt mixture is now added to that which has been boiled and the 
b oiling is continued for at least one-half hour longer. The boiled 
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spray should now be strained through a fine wire strainer into the 
spray tank or barrel, and enough boiling water added to make up the 
full amount of spray required by the formula. The spray may be 
boiled to advantage longer than two hours, but should never be boiled 
for a less time if the best results would be obtained. The sprays should 
be applied to the trees as hot as possible. The spray is more effective 
and easier to apply when hot, and contact with the air cools it suffi. 
ciently so that twigs of dormant trees are not injured by the heat. 
The method of preparing the sulphur sprays here outlined is prac- 
tically that which has been followed in California for many years. i 
In the series of experiments here described, however, an effort has — 
been made to ascertain if salt is necessary in this spray, and also | 
whether there is any disadvantage in uniting all of the lime and sul i 
phur at first. After a comparison of the results obtained from sprays if 
with and without salt aud of those in which the. liqpe was add-in 
portions and at different times with those prepared by adding all of | 
the lime and sulphur at first, it has not been possible to detect any 
advantage from the salt nor from the more complex method of pre- 1 
paring. ‘This relates, of course, to the use of these sprays for the con. | 
trol of curl, but it is believed that the same will hold true in their use | 
for the control of insect pests. The writer has personally prepared q 
and tested a very large number of these sprays, and recommends the 
omission of salt, and further, that all of the lime and sulphur be united : 
and reduced with boiling water before the cooking begins in all cases | 
where the spray is to be applied either as ‘a fungicide or insecticide | 
and where the method of boiling below described is followed. Thi : | m 
will both cheapen and simplify the process. Pa | 
While many growers may feel obliged to prepare the sulphur sprays | 
in kettles or iron pans, experience has shown that they may be boiled 
much more uniformly, more easily, and oftentimes better in barrels or | 
wooden tanks by using live steam as the source of heat. These facts j 
are widely recognized on the Pacific coast, and the knowledge is put | 
into practice by some of the leading fruit growers, many of whom , 
have established special steam cooking plants for preparing and hand | 
ling the sulphur sprays. Some of these spray-cooking appliances are 
on quite an extensive scale and others more limited, being adapted to | 
the needs or facilities of the growers. As the sulphur sprays have 
been widely used in California and Oregon, and are likely to become 
much more generally used throughout the East, especially as they a | 
particularly intended for winter application to all deciduous trees and | 
are known to be of marked value both as insecticides and fungicides, the | 
more improved methods of preparing them will be of general interes | 
to orchardists, and several are here given. Three types of cooking | 
plants are described: (1) One adapted to the needs of an orchard of 1 | 
acres, (2) one suited to the needs of an orchard of 100 acres, and (3 | 
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one of sufficient capacity to prepare sprays for the treatment of 500 to 
,000 acres of trees. 
For small orchards sulphur sprays may be prepared in barrels by 
the use of steam. Upon a solid plank platform 38 feet wide, 12 feet 
long, and raised 18 inches above the ground, place three ak barrels 
Belding $0 p gallons each. Each barrel should have a bunghole through 
‘one side about 1 inch above the bottom, which is stopped with a long 
wooden plug while the spray is boiling in the barrel. The upper 
pads of the barrels should be removed, and each may be nailed in two 
yarts to serve as a cover for the barrel while the spray is being boiled. 
Near one end of the row of barrels is set the boiler in which steam is 
to be generated. From the dome of this boiler a steam pipe should 
extend horizontally over the row of barrels, and not less than 2 feet 
above them. ‘The farther end extends fe ard at a right angle, by 
means of an elbow, to within 6 inches of the bottom of the last barrel. 
Where the pipe passes over the first and second barrels, downward- 
Extending pipes are connected by means of proper couplings, and 
extend to within 6 inches of the bottoms of the respective barrels 
into which they reach. In each of the downward-extending pipes is 
itted a valve about 18 inches above the barrels, by means of which the 
‘inflow of steam may be controlled for each barrel separately. The 
lower end of each of the pipes leading into the barrels is left open 
for the escape of steam. With a sufficient head of steam a barrel of 
water may be brought to the boiling point with such an appliance in 
about five minutes. By having three barrels, as here suggested, two 
may be kept almost constantly filled with boiling sprays, while the third 
is filled with boiling water for use in slaking lime, filling the barrels 
after the sulphur is added, and reducing the spray to the required 
amount in the spray tank. With such an appliance for boiling, pro- 
ie the two barrels for spray are charged alternately one hour apart, 
60 gallons of well-made spray may be sent to the orchard about once an 
i hour, after allowing each lot two hours of constant boiling. In pre- 
paring the spray for boiling, the lime is first slaked to a cream of lime 
i n the bottom of the barrel, the pulverized sulphur is stirred in, the 
bs arrel is filled two-thirds full of boiling water, a top is placed over 
a barrel, and the steam is turned on by opening the valve above the 
yarrel. Within a very few minutes the steam will bring the contents 
toa seething boil, and this can be maintained for the two hours 


A. 
fi 
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required without ‘ae of overheating and with little care, except of 
course that required to maintain and regulate the steam supply. The 
‘st eam stirs the spray sufficiently when boiling. When thoroughly 
boiled the bunghole near the bottom of the barrel is opened by remov- 
ng the long plug, and the spray is drawn off into pails and strained 
into the spray tank through a fine wire strainer. When the barrel is 
early empty enough boiling water is added to make up the amount of 
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spray required by the formula, and this is then drawn off. Before ¢ 
new charge of spray materials is placed in the barrel, the latter should 
be removed from beneath the steam pipe and cleaned. Convenient 
boilers suited to boiling one or more barrels of spray are shown in the — 
illustrations given. (Pl. X XI.) | 
For orchards of 100 acres the boiling of sprays in barrels is too | 
slow. The plan adopted by Mr. A. D. Cutts, at the Riviera Orchard, | 
will here be given as admirably answering the purpose for such f 
orchards. In this spray-boiling plant the live steam is obtained from 
the dome of the boiler of a 20-horsepower thrashing engine, and — 
while cooking sprays from 60 to 80 pounds steam pressure is main-_ 
tained. The spray is boiled in two rectangular vats or tanks, built of — 
2-inch dressed sugar pine. The inside measure of these tanks is, 9 
length 5 feet, breadth 3 feet, depth 30 inches. These tanks have the § 
ends mortised into the side and bottom planks from one-fourth to — 
three-eighths of aninch. Two long bolts run diagonally across at each | 
end to hold the head in place, and in addition the planks are nailed — 
together with 40° cut nails. Each of these tanks will hold approxi ¥ 
mately 280 gallons of spray. They are raised 4 feet above the ground — 
upon a strong and well-braced framework. They stand side by side 9 
with a platform between about 4 feet wide, on which a man may stand — 
to attend to the spray while boiling. One end of each tank is toward — 
the boiler, and the other, which is supplied with a faucet or sirup — 
gate for drawing off the spray, extends to the side of.a driveway. — 
The steam is supplied to each of the tanks directly from the dome of § 
the boiler. From the steam dome a 13-inch pipe leads to near the 
ends of the tanks. This is connected with a transverse 1-inch horizontal § 
pipe extending laterally to a point opposite the center of each tank and 
level with the tops of the tanks. The ends of this 1-inch pipe now turn 
at a right angle and extend to the center of the top of the ends of the 
tanks, turn down on the inside of the tanks to the bottom of the same 
and then extend along the center of the bottom to near the farther end, — 
where they are closed by having an iron cap screwed over the end 
Through each side of that portion of the 1-inch pipe which extends 
along the inside of the bottom of each tank are drilled 6 small holes 
for the escape of the steam into the tanks. In the pipe leading te 
each tank is placed a globe valve for separately controlling or prevent: 
ing the flow of steam to each of the tanks. When a tank of spray is 
ready to go to the orchard, the spray is run into another tank situated 
on a low truck wagon, the truck being first driven under the end of 
the boiling tank which is to be emptied. The low truck with the 
spray is then driven to the spray tanks in the orchard, and the spray 
is pumped from the truck tank to the spray tank, without delaying 
the work of the sprayers. The spray is strained twice, first when draw 
off from the boiling vats through the faucet, and second when it i 
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DESCRIPTION OF PLATE XXI1. . 


Steam spray-cooking appliances for small orchards. Figs. 1 and 3 show boilers suited — 
to cooking sprays in | to 3 barrel lots; fig. 2 shows a boiler connected with a tank ir 
which larger quantities of spray may be boiled at one time. These cooking appli 
ances are well adapted to use in ten-acre orchards (p. 157). (Compare with 
XXII.) . 


PLATE XXI. 
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pumped from the truck tank into the spray tank in the orchard. ‘The 
brass strainer cloth employed by tinners in making strainer pails is used 
for this purpose. It is very necessary to strain well, as in the unstrained 
‘spray there are always dregs that fill the nozzle and delay work. Mr. 
Cutts says that in tanks of this kind it is necessary to stir the spray 
‘ requently while boiling to thoroughly mix the different ingredients. 
Three hours’ boiling is better than two. He also says that one man, at 
$2 per day, will tend the boiler and prepare from 1,500 to 2,000 gallons 
of spray per day, and that it will require about one-half cord of 
_ 4-foot wood to generate the steam in such a boiler as he uses. 

_ In preparing the sulphur sprays for orchards containing 500 to 
1,000 acres of trees it is desirable to have tanks of larger size than 
‘those used by Mr. Cutts and to avoid as much pumping and trans- 
_ferring of the sprays as possible. One of the most convenient and 
‘complete spray-cooking plants for orchards of large size which has 
thus far been seen by the writer will here be described. This plant is 
at the Rio Bonito orchard. The water for preparing sprays at this 
orchard is obtained from a well and is forced by means of a rotary 
_ force pump run by steam power into a large storage tank elevated 
upon a heavy framework some 30 feet above the ground. About 
b 0 feet above the ground and at one corner of the open framework of 
the tank house is placed a circular tank holding about 300 gallons. 
This is a storage tank to receive the spray when prepared for the 
orchard. The bottom of this circular tank is supplied with steam 
_ pipes, so that the contents may be kept hot and ready for use. From 
the outer side of this storage tank, near the bottom, is a discharge 
pipe with valve and hose attached, through which the spray may be 
if un by gravity into the tops of the 300-gallon spray tanks on wagons 
which are used in the orchard. These wagons are driven to the side of 
: the storage tank and filled with boiling spray in a few minutes, much 
as street-sprinkling tanks are driven under the elevated hydrants and 
filled. The boiling tank proper is built of 2-inch surfaced pine plank 
eeenin a firm framework, properly bolted, and rests firmly upon the 
ground. It is situated within the heavy framework of the water tank 
house. This boiling tank is approximately 18 feet long, 3 feet wide, and 
3 feet deep, and its full capacity is 1,200 gallons. In the center of the 
I tank house is a water pipe Gaiscted with the large water tank above. 
_ Near the bottom of this standpipe are hydrants for the attachment of 
- hose, thus allowing of water being drawn directly from the water supply 
a Shove into the boiling tank by opening a hydrant. An unlimited supply 
- of cold water is thus always at hand without the necessity of lifting 
‘ apailful by hand. The steam pipe for heating the sprays in the boil- 
Ing tank extends from end to end along the bottom within the wooden 
| tank, and every 2 or 3 feet along this pipe are cross pipes leading toward 
- each side of the tank. The ends of the central pipe and its branches 


| 
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| 
| 
are closed. Along both sides of this main pipe and its lateral | 
branches are drilled small holes for the escape of steam into the tank, 
The flow of steam to the tank is controlled by means of a globe valye 
in the steam supply pipe, the valve being conveniently placed for the — 
workman at the tank. Broad board covers are made for covering the~ | 
whole tank when the boiling is in progress. As in the case of the | 
spray-boiling plant of Mr. Cutts, the main steam pipe leads from the 
tank directly to the steam dome of the boiler. The spray is prepared 
in the boiling tank of double strength, and when sufficiently boiled is 
elevated to the storage tank above by means of an appliance planned 
like an injector of a boiler. An iron pipe about 2 inches in diameter 
leads from the boiling tank upward and over the top of the storage 
tank described. In this pipe is placed the injector, which is supplied — 
with two lateral connections. One of these connections is with the 
cold-water supply pipe, and the other is with the main steam supply _ 
pipe. In each of the pipes connected with the injector are placed 
globe valves for the control of the inflow of water, steam, and hot 
spray. When it is desired to fill the storage tank above with hot — 
spray from the boiling tank below, the valve opening into the — 
steam pipe leading from the injector to the steam dome is opened. 
The live steam at once escapes through the injector into the pipe — 
leading to the storage tank and then out of the end of the pipe. — 
The valves leading to the boiling tank and the cold-water supply are | 
now opened in such a manner that about equal parts of cold water and _ 
hot spray are admitted to the injector, and the escaping steam, by — 
means of its tendency to form a vacuum, soon causes a combined _ 
stream of hot spray and cold water to follow up the pipe and escape _ 
into the storage tank above. There is thus established a kind of steam 
siphon, which soon carries up 150 gallons of boiled spray and an 
equal amount of cold water, filling the 300-gallon storage tank with 
spray of the required strength, the strength of the spray in the boil- — 
ing tank being double that required. This work is accomplished by ¢ 
careful adjustment of the inflow: of steam, spray, and water to the 
injector, the storage tank being filled without the necessity of lifting 
a pound of spray by hand. The combining of the cold water with the 
hot spray in the injector is found to be necessary to the proper working 
of the latter as the temperature of the injector would otherwise become 
too high for efficient work. When the storage tank is full, steam is 
turned into the pipes situated at its bottom, and the spray is again — 
heated to the boiling point and kept very hot until drawn off intoa 
spray tank and taken to the orchard. The facility with which a plant 
of this description may be operated will depend to quite an extent upor 
the nature and capacity of the boiler used for generating steam. The 
more easily steam can be generated and the greater capacity for steam 
which the boiler possesses the better for the work. 


| 
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Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture. PLATE XXII. 


STEAM SPRAY-COOKING APPLIANCES FOR LARGE ORCHARDS. 


ft 


DESCRIPTION OF PLATE XXII. 


Fig. | showssulphur, lime, and salt spray-cooking appliances used on the Rio Bonito 
Rancho. The heavy framework at the left supports a large water tank not shown 
— inthe photograph. This tank is filled from a well by means of a steam rotary force 
_ pump, and supplies all water required in cooking and reducing sprays. On the 
| ground, at the farther side of the framework of the tank, is shown a long wooden 
| vat from which steam is issuing. This rectangular vat, described on page 159, is capa- 
FI ble of cooking about 900 gallons of sulphur spray of double strength, and is seen in 
_ full operation in the illustration, the heat being applied by means of steam pipes at 
the bottom. The steam pipe is shown leading from the dome of the boiler in the 
shed at the right and in the background of the photograph. The round tank shown 
above the right end of the cooking vat holds 300 gallons of spray, ready for appli- 
cation to the trees. This tank is filled from the cooking vat by means of a steam 
injector, described on page 160, and the spray is maintained at a high temperature 
by means of steam pipes in the bottom, as in case of the cooking vat proper. 
Fig. 2 should be considered in connection with fig. 1. The large, round tank, 
_ standing above the barrels, is the storage tank for sulphur spray after it has been 
__ prepared in the long vat below. This tank holds 300 gallons—sufficient spray to fill 
_ the tank seen on thé wagon. The wagon tank is filled by gravity, the spray flowing 
into it through hose running directly from a spout at the bottom of the storage 
_ tank. A valve in this spout regulates or stops this flow of spray as desired. One of 
_ the spray wagons used in this large orchard is shown. The pump stands crosswise 
behind the corner stakes at the back of the wagon. These stakes serve to prevent 
the hose from falling beneath the wheels, as all lines of hose extend from the rear of 
| the wagon when in use in the orchard. 
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By referring to Pl. XXII and the descriptions of figures the 
reader may obtain a good idea of the arrangement of this extensive 
spray cooking plant, as well as of the boiler supplying steam. 


PREPARATION OF COMBINED COPPER AND SULPHUR SPRAYS AND NOTES ON 
, OTHER SPRAYS TESTED. 


a 

For many years the use of combined copper and sulphur sprays has 
been practiced by peach growers in Oregon, and as they have reported 
good results the writer prepared the following four formule of this 
character for the control of curl. 


/ 
BORDEAUX MIXTURE AND SULPHUR SPRAYS COMBINED. 


The formule of the combined Bordeaux mixture and sulphur 


' sprays tested are given in the following list: 


List of sulphur sprays combined with Bordeaux mixture. 


PS dam te nag OE CALE 


3 pounds copper sulphate, 10 pounds sulphur, 20 pounds lime. 
3 pounds copper sulphate, 10 pounds sulphur, 10 pounds lime. 
3 pounds copper sulphate, 5 pounds sulphur, 10 pounds lime. 
2 pounds copper sulphate, 5 pounds sulphur, 10 pounds lime. 


_ In preparing these combined sprays, which were found somewhat 
‘more effective in the control of peach leaf curl than the sulphur sprays 
alone, the Bordeaux mixture was added to the fully prepared sulphur 
spray. A portion of the lime given in the formula was reserved for 
making the Bordeaux mixture, while the remainder of the lime was 
- combined and boiled with the sulphur in the manner already described. 
When the sulphur spray had been placed in the spray tank, the Bor- 
“deaux mixture, which had been freshly prepared from the copper 
a and ae remainder of the lime, was added, and after thorough 
“mixing was at once applied to the trees. The union of the yellow 
sulphur spray with the blue Bordeaux mixture forms a spray of a 
distinct green color. The application of this spray is similar to that 
of the sulphur spray, requiring the same class of nozzles. 
q 


——— 


, 
r 
i t MISCELLANEOUS SPRAYS. 


A large number of sprays not included in the preceding descrip- 
ions have been prepared and tested for peach leaf curl, and some of 
them have been discussed in other portions of this potinies Several 
of them were tested for the purpose of learning the value of the 
separate ingredients of the leading sprays, as salt, lime, ete. Among 
these were lime, applied as a simple milk of lime; salt, applied in 
‘solutions of different strengths; and lime and salt combined, applied as 
uwhitewash. Sulphur was tested in the form of sulphide of potassium, 
plied in various strengths in liquid form, and the union of this sul- 
ide of potassium with milk of lime was also tested. Iron sulphate, 
19093—No. 20-——11 
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sulphur, and lime were tested in combination by adding to the sulphur, 
spray a mixture prepared by uniting the milk of lime with a solution 
of iron sulphate. The union of the milk of lime with the iron sulphate — 
solution produced a lead-colored mixture resembling Bordeaux mix- 
ture in consistency, and when united with the sulphur solution the 
color was dark green or approaching black. Iron sulphate and lime | 
were also tested separately. 2 

While some of these sprays gave evidence of considerable fungi- } 
cidal action, none of them gave results which would warrant their | 
substitution for the sprays already considered in previous chapters, } 
and hence it is unnecessary to enter further into details respecting J 
their preparation. The results of their use may be learned in the } 
chapters of this bulletin which relate to the action of the sprays on 
the foliage and the fruit. | 


GENERAL CHARACTERS OF THE SPRAYS TESTED. 


There are certain general characters of sprays adapting them or 
making them unsuitable for various classes of work, and to these it | 
may be well to allude. 


THE ENDURING QUALITIES OF THE SPRAYS. 


In the work here described careful notes were made on the enduring 
or weathering qualities of the sprays tested. 

During the last week in April and first week in March, 1895, 35 
sprays, of different formule, were applied in the experimen bloek 
in the Rio Bonito orchard, most of them to 10 large trees, as has 
heretofore been shown. On August 10, or five months after the J 
spraying was completed, the trees of each experiment row were 9; 
examined to ascertain as far as possible the enduring or weatherinil i | 
qualities of the sprays, and according to the notes made at that time 
the appearance of the sprays upon the trees, after five months’ weather: 
ing, may be grouped under the following four heads or classes: 

(1) Sprays showing quite distinctly upon the trees on August 10. 

(2) Sprays moderately evident on August 10. 

(3) Sprays little evident on August 10. 

(4) Sprays not observable on August 10. 

The sprays classed under the pie head, were those applied to rows 
8, 7, 9, 18, 15, 18, 19, 21, 22, 25, 33, 36, 41, 44, 45, 50, 54, 56, an 
under the second head, those : ee to rows 6, 10, 12, 16, 28, 42, 
and 51; under the third head, those applied to rows 27 and 353 al 
under the fourth head, those applied to rows 30, 32, 38, 39, andi 
By referring to page 73 the reader will find a table giving the fornil 
for sprays applied to each of the rows named, and an examination 0: 
these formule will bring out the following facts: All the spra 
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included under the first two headings contain lime, while those under 

headings 3 and 4 contain none; all formule containing 15, 20, or 30 
pounds of lime to 45 gallons of water fall under the first head. Of the 
18 sprays containing 4, 5, 8, and 10 pounds of lime, 10 fall under the 

first heading and 8 under the second; copper sulphate enters into the 
composition of 8 of the 10 sprays falling under the first head, while 
the remaining 2 contain iron sulphate; of the 8 sprays which fall under 
the second heading, only 1 contains copper sulphate, and that but 2 
pounds, while 5 are sulphur sprays. 

These facts seem to show that the union of copper sulphate and lime 
produces a spray possessing decidedly greater weathering qualities 
than the union of sulphur and lime. 

In the following list are shown the pounds of lime contained in the 
various sprays tested; the numbers of the rows of trees to which each 
amount of lime was applied; the position of each spray as grouped 
according to its apparent weathering qualities into classes 1, 2, 3, or 
4; and references showing the nature of all the sprays containing lime: 


Weather-resisting qualities of sprays. 


30 pounds lime in formula, class 1, rows 1 ¢ and 7f. 
20 pounds lime in formula, class 1, rows 31, 9T, 137, 367*, and 44°. 
15 pounds lime in formula, class 1, rows 15*, 33*, and 57f. 
10 pounds lime in formula, class 1, rows 18t*, 191%, 41*, 45*, 50tt, 54*, and 56ttT; 
class 2, rows 6t, 12+, and 487°. 
8 pounds lime in formula, class 2, row 10f. 
5 pounds lime in formula, class 1, rows 21*, 22*, 25*; class 2, rows 28*, 42+°, and 
51f. 
4 pounds lime in formula, class 2, row 16r. 
No lime in formula, class 3, rows 27 and 35; class 4, rows 30, 32, 38, 39 and 47. 


{ Sulphur and lime, or sulphur, lime, and salt. 
+* Copper sulphate, sulphur, and lime. 

© Lime. 

* Copper sulphate and lime. 

tt Iron sulphate and lime. 

ttt Iron sulphate, sulphur, and lime. 

+° Potassium sulphide and lime. 


It may be well to state in connection with the above list that while 
all the sprays not containing lime are classed under the third and 
fourth heads, this arrangement may not correctly represent their 
respective enduring qualities. As they are without lime, the eye can 
not detect their presence in many cases where it is possible the chemi- 
cals may really be present in effective quantity, and it is therefore 
apparent that the value of such a list is largely of a comparative 
nature among those sprays containing more or less lime in various 
combinations. 

The general facts appear to be, as already indicated, that the copper 
prays are more enduring than the sulphur sprays, considering pound 
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for pound of lime in their composition, and also that the amount of 
lime may be much less in the copper than in the sulphur sprays and 
still maintain the enduring qualities. It is likewise the opinion of the 
writer that where a winter spray of copper and lime has’ proved of 
poorer weathering quality than is desirable in a given climate, the cop- 
per should be increased as well as the lime when greater resistance to 
weathering is sought. In other words, while the increase of lime 
enhances the weathering qualities of the spray, it also has a tendency 
to retard or obscure the action of the copper it contains, unless the 
latter is increased somewhat in proportion to the increase of lime. 


THE CORROSIVE ACTION OF THE SPRAYS. 


As the present use of sprays has been limited to their winter appli- 
cation, the notes on their corrosive action relate largely to the action 
upon dormant trees or upon the vegetation immediately following 
the commencement of spring growth. In each case these remarks 
relate to the use of sprays upon peach trees, which are known to be- 
among the most tender deciduous fruit trees commonly grown in the 
temperate zone. 

The sulphur sprays of the greater strengths used in these experi- 
ments caused in many cases the loss of some of the finer and weaker inner 
growth of the trees. This is more apt to be the case, it is believed, 
when the spray is applied shortly before growth begins in the spring. | 
Where very strong sprays of this class are to be used, it is well to 
apply them comparatively early in the dormant period, say four weeks 
earlier than the coppersprays. Sprays having not more than 10 pounds 
of sulphur to 45 gallons of spray may be used with little danger a 
to within four weeks of the swelling of the buds. 

There is no danger of injuring twigs or buds with the copper sprays 1 
properly prepared and applied before the buds have opened. Well 
made Bordeaux mixture may be used even as late as the opening of the 
first blossom buds. The ammoniacal copper carbonate may also be safely 
used to a late date, and both may be again applied, if desired, after the 
trees have passed out of bloom. The simple solution of copper sul- 
phate and the eau celeste may be safely used to within a week of the 
opening of peach buds, but they should never be used upon the foliage | 
of the tree. Modified eau celeste is less corrosive than the eau celeste, 
and may be used until the first buds begin to open, but from obserya- 
tion in other classes of spray work it is believed to be unsafe to apply 
this spray to the leaves of the peach. 

The injurious action of the sulphur sprays when combined with Bdl 
deaux mixture is fairly to be compared with the action of the sulphur 
sprays alone when containing equal amounts of sulphur, 
The spray composed of iron sulphate and lime is more apt to nae 
tender shoots and buds than the Bordeaux mixture, and such a spre 
can not be recommended for use upon foliage. 
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Milk of lime appears to be practically harmless when applied to 
dormant trees or to trees in leaf; hence any injurious action resulting 
from the use of sprays containing lime should be charged to the other 
ingredients or to the lime as altered or modified through combination 


with such other constituents. 


4 


-_ 


ADVANTAGES OF DISCERNIBLE AND INDISCERNIBLE SPRAYS. 


Reference has been made in a brief way to the advantages possessed 
by certain sprays in forming a visible deposit upon the surfaces 
sprayed. While sprays forming such a visible deposit are decidedly 
advantageous for all winter work, those leaving no such distinct deposit 
are most desirable for the treatment of fruit, especially when approach- 
ing maturity. The advantages of white sprays in the winter treat- 
ment of deciduous trees are obvious, it being possible with such sprays 
to clearly see what portions of the plant ae been thoroughly and 
properly covered. This advantage may even make the difference 


‘between success and failure in the work. 


Some recent experiments in applying whitewash or sprays contain- 
ing large amounts of lime have tended to show that the opening of the 
buds may be somewhat retarded by such winter treatment. The theory 
is that whitening the trees prevents, to some extent, their absorption 
of heat from the sun’s rays, and that this aids in keeping the trees in 
a dormant condition somewhat later than would otherwise be the case. 
Whether this will prove of enough importance to warrant the outlay 
for spraying remains to be shown. An illustrated article on this sub- 
ject appeared in the Canadian Horticulturist for January, 1899." 

All sprays, both copper and sulphur, which contain lime are adapted 
to the purposes here considered. The Bordeaux mixtures and sulphur 
sprays used in the work described are distinctly observable upon the 
trees when applied, and after drying for a very short time the treated 
trees become decidedly white. The greater the amount of lime the 
whiter the trees. (Pl. X XIII.) 

In the summer treatment of trees and plants having fruit approach- 
ing maturity, the use of clear sprays is often most to be recommended. 


_ The spray now best adapted for this purpose is the ammoniacal 


copper carbonate. A stronger spray, though making less showing 
than Bordeaux mixture, is the modified eau celeste. As this is apt 
to cause injury in scme cases, it is desirable to use Bordeaux mixture 
for summer work up toa date when the fruit is approaching maturity, 
and then to adopt the ammoniacal copper carbonate. The time at 
which the summer use of Bordeaux mixture should be discarded for the 
ammoniacal copper carbonate will depend largely upon the amount 
of summer rains in the locality where used. In New York State, for 
instance, where summer showers are frequent, the lime- containing 


*Orr, W. M.,1.¢., pp. 18-20. See further remarks on this subject on p. 150. 
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Bordeaux mixture could be used upon fruit until a later date in the 
summer than it could in California, where almost no summer showers 
occur, and where the lime would remain upon the fruit until the latter 
was mature. This matter leads us naturally to the consideration of 
sprays adapted for wet and for dry localities. 


SPRAYS ADAPTED TO USE IN WET AND IN DRY LOCALITIES. 


Little can be said on this subject that has not been previously 
touched upon in this bulletin. A few general remarks, however, 
may be of advantage to the grower. The enduring qualities of sprays 
containing lime increase where the ratio of the other ingredients is — 
maintained, very largely in proportion to the increase of the lime 
which the formule contain. For instance, the relative proportions of 
copper sulphate and lime being maintained, a Bordeaux mixture 
which contains 10 pounds of lime to 45 gallons of spray will obviously 
endure much longer upon the trees in a wet climate than a Bordeaux 
mixture containing but 5 pounds of lime to the same amount of spray. 
To avoid the loss in activity and effectiveness of a spray containing a 
large amount of lime, the fungicide, be it copper or sulphur, should 
be increased so as to maintain the same or nearly the same ratio 
between the copper and lime which exists in the spray containing less — 
lime. It is advised, therefore, that sprays to be used in a wet climate, — 
especially those intended for winter application, should be made 
stronger, both in lime and in the essential fungicide they contain, 
than is found necessary ina dry climate. If two sprayings are neces- 
sary, both should be given the dormant trees. . 

In wet climates the conditions favorable to the development of curl 
and other fungous diseases are increased. This supplies a further 
reason for using sprays containing increased amounts of fungicide and 
having greater enduring qualities than sprays used in dry localities. 
The soil conditions in wet situations are apt to delay spray work till the — 
last moment compatible with effective work. In such cases the amount — 
of copper should be sufficient, if this class of sprays be used, to act 
promptly. Ifthe Bordeaux mixture be applied under such cireum- 
stances, it will not be found desirable to reduce the copper below the 
equivalent of 1 pound of copper for each pound of lime, and a higher 
proportion may often be used to advantange on dormant trees. 


«®& 


CHAPTER IX. 
THE APPLICATION OF SPRAYS. 


GENERAL ACCESSORIES FOR WINTER SPRAYING. 


To those who have sprayed for years and have learned by experience 
the most suitable appliances for such work the present remarks may 
not prove of direct value. They are especially intended, however, for 
those undertaking such work for the first time. 


NOZZLES SUITED TO WINTER WORK, 


The past few years have seen in the United States a very great 
increase in the styles and places of manufacture of nozzles and other 
_ spraying appliances. At the present time the number of styles and 
~ makes of nozzles often leads to confusion in the mind of the prospective 
sprayer. In fact, however, there are but few essential features to a good 
nozzle. The form of greatest importance for most classes of work is 
that which gives to the discharged spray a rotary or cyclone motion. 
This movement is given in a very simple manner by admitting the 
stream at an angle into a circular chamber in the nozzle, so that it first 
_ strikes the curving side of the chamber, and is thus forced to assume 
_ acircularor rotary motion. The revolving stream then passes thrcugh 
the small central opening of the discharge plate and widens into a cone- 
shaped spray, which gives to this nozzle certain advantages not enjoyed 
by several other types now on the market. Spray from sucha nozzle 
covers a greater area without moving the nozzle than is covered with 
most other types. There are nozzles, however, capable of throwing 
spray to greater heights. The rotary motion assumed by the spray in 
the cyclone or Vermorel nozzles is a dissipation of force, at least in 
most forms of these nozzles, so far as concerns the throwing of sprays 
to a great distance. A type of nozzle first used near San José, Cal., 
and now bearing the name of that town, is perhaps better adapted to 
long-distance spraying, and has been extensively used on the Pacific 
coast. The spray is formed by the fluid passing, under high pressure, 
through a narrow slit in a rubber or metallic plate. Where the rubber 
plate is used the escape of small particles may take place through the 
temporary expansion of the opening in the plate. 

The cyclone nozzles are now made by many manufacturers in different 


portions of the country, and may be obtained through any first-class 
167 
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hardware dealer in the United States. The San José nozzle is also 
obtainable through hardware dealers generally. 

There are many typesandstyles of cyclone nozzles. Some are planned 
to throw the spray away from the workman, with direct or forward 
discharge (fig.1). Othersare so constructed that the 
spray is discharged laterally or at a more or less 
acute angle (figs. 2 and 3). In using these nozzles 
for winter work on deciduous trees it has been found 
that most thorough and most satisfactory work can 
be done with less waste of spray when nozzles having — 
a lateral discharge are employed. The reasons for 
this are evident. Dormant deciduous trees are but 
a skeleton or framework, presenting to the sprayer 

i but a limited surface for stopping a direct spray. 

Fic. 1—Cyclone nozzle, Wor this reason, where a nozzle hay- 

with direct discharge ? 

and degorger, for thin ing a direct discharge is employed, a 

Seely large portion of the spray will of 
necessity pass through the limbs of the tree and fall upon 
the ground, while at best it will pass through the tree but 
once. By using the cyclone nozzle with lateral discharge, 
however, the cone of spray may be directed upward 
through the whole top, and in falling back it passes through 
the tree a second time. Here is a decided gain in the 
limb surface which will be reached by the use of a given = 
amount of spray. The nozzle having lateral discharge tesla 
can also be handled to much greater advantage than the lateral dis- 
nozzle with direct discharge. By turning the extension can 
pipe which bears the nozzle, the cone of spray may be 
directed upward, downward, or laterally upon 
the limbs as desired. This has proven of great 
advantage in doing thorough work. 

The ordinary lateral discharge cyclone nozzles — 
are suitable for use with most of the copper 
sprays. For use with the sulphur sprays or 
Bordeaux mixture containing a large amount of 
lime, the common Vermorel or cyclone nozzle is — 
rather too light and the opening too small. In 
California a special form of nozzle is in use for— 
P16.3.—Heavy eyclone nor. theapplication of such sprays (fig. 3). This nozzle 

ale,with oblique discharge, is manufactured in San Francisco, and may be 

eS obtained from the leading hardware firms of that 
city. The nozzle is of the cyclone pattern, but is much larger, heavier, 
and stronger than the ordinary type of cyclone or Vermorel. The dis- 
charge opening is of sufficient size to allow of the use of thick sprays, 
and the discharge plate is heavy enough to withstand much wear from 
corrosive fluids. A fact of prime importance, however, for the work 


| ee ~ 


SG ET De ha ae Sal A OL Oat legend oa et Reet: bea ft 


“uu Franoo 


anes _ Mee 


Ss 


’ 
i 
® 
1a 
2 
; 
|'* 
* 
ia 
i 


we MAA me i pap nme . 


GENERAL ACCESSORIES FOR WINTER SPRAYING. 169 


bemg considered, is that the nozzle discharges the spray at an angle 
of about 45° with a line leading directly from the sprayer. This 
gives the nozzle the advantages of both the lateral and direct. dis- 
charge. The work of either of these types (figs. 1, 2, and 3) may be 


accomplished with this angular discharge. 


Makers of cyclone nozzles of all kinds are usually able to supply 
the discharge plates of the nozzles separately, and this is convenient 
for the grower, where the original discharge plates have been worn 
out. The separate discharge plates usually sell at 25 cents each. 


HOSE AND EXTENSION PIPES. 


Rubber hose of good quality is most satisfactory for all kinds of 
spray work. ‘The strongest and best hose will usually prove cheapest 
if properly cared for. All hose should be 
thoroughly washed, both inside 
and outside, at the close of each 
day’s work, and it should be 
well scrubbed, washed, and dried 
when the spray work is com- 
pleted, and stored in auniformly *%. pF ewan rine 
cool, dark, and medium dry place. 

Practice varies somewhat as to the internal diameter of 
hose used. One-half inch is perhaps the most common size. 
The external diameter of the hose should not be so small 
nor its flexibility so great that it will easily kink and twist 
upon itself. Hose which does this is a constant source of 
annoyance, causing loss of time and often endangering itself. 
Where possible, it is best to have all lines of discharge hose 
leading from the pump pass from the back end of the wagon, 
between two short stakes, one at each corner. With such 
an arrangement there is little danger of its being caught in 
the wheels or run over by them. Many lines of hose are 
injured or destroyed in this way. The stakes at the back 
corners of the wagon also serve as a means of winding up 
the hose preparatory to going to or from the orchard. 

Couplings for connecting 1, 2, 3, or 4 lines of hose with 
the pump may usually be obtained from responsible hard- 
ware firms, or through them from the manufacturers of the 
pumps used. The more common hose couplings are nearly 
always in stock at such hardware houses. 

For most pumps it is well to supply wire-extended suc- 
tion hose (fig. 4). Some styles have the spiral wire coil 
within the interior; others have it embedded in the rubber. 
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When the metallic spiral is exposed to the spray in the interior of 
the hose it should be of brass, if possible, to enable it to withstand 


the corrosive action of the sprays. 
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Brass suction pipe strainers for attachment to the end of the pipe , 
may be had of different forms. They are necessary when the end of — 
the suction pipe is simply lowered into the spray tank or when it rests _ 
upon the bottom of the tank. | 

The extension pipes used by different growers vary. Some adopt 4 
common three-eighths or one-fourth inch iron tubing, while others | 
obtain the bamboo-covered extensions, which latter contain one-fourth 
inch pipe. The essentials of an extension pipe are a brass coupling for 
connecting the hose, a good brass stopcock for controlling the flow of 
spray, a metallic pipe of sufficient length (which should be determined 
by the height of the trees to be sprayed), and upon the end of the pipe 
a thread and shoulder for the attachment of the nozzle and the recep- — 
tion of awasher. The ordinary length of extension pipes is 8 or 10 feet, 
but where trees are large a 12-foot pipe may be needed. Either of — 
these lengths are now obtainable from dealers in spraying supplies 
in the form of bamboo extensions (fig. 5). There are advantages in 
the bamboo extension pipes over uncovered iron tubing. Where hot 
sulphur sprays are used the bamboo cover prevents the hands from 
feeling the heat, and where cold sprays are applied in very cold weather 
the bare, wet pipe is liable to chill or even freeze to the hand. The 
greater size of the extension pipe which is covered by bamboo also — 
adds to the ease with which the pipe may be held and turned in the — 
hands. 
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PROTECTION OF THE SPRAYER. 


The nature of spray work makes it unpleasant for the workman, but ~ 
much of this inconvenience arises from an incomplete or improper 
preparation for the work. Men who would not care to work in a 
rain storm without suitable covering are often improperly protected — 
against the similar or worse conditions prevailing when they are spray-_ 
ing. In the spraying of large orchards it has been learned that one of © 
the most suitable coverings for men who are applying sprays is a sail-— 
or’s oilskin suit and sow wester. This covering is light, impervious to 
wind and water, and is not as liable to crack as rubber clothing. What-_ 
ever form of head covering may be chosen it should be soft, so as not 
to be interfered with by limbs, and it should extend in front to pro- 
tect the eyes and behind to protect the neck. It is always desirable to — 
protect the hands with long rubber gloves, and these can usually be 
obtained from or through druggists. In selecting such goods, how- 
ever, it is well to learn how long they have been held in stock by the 
dealer, and if they have been kept for more than a year it is best to 
order new ones from the manufacturer, as such goods soon rot when 
held in stock. Besides, new stock is no more expensive than old, and 
it will frequently endure twice as much use. Numbers 11 or 12 are 
usually about the right sizes for ordinary hands. Most wear can be 
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obtained from gloves which are large for the hands, and in such the 
hands are not as apt to perspire. Where rubber gloves are not obtain- 
_ able the hands may be greatly protected and kept soft by rubbing them 
_ thoroughly, as often as necessary, with a piece of beef suet. 

If corrosive sprays are to be applied, such as the simple solution of 
— copper sulphate, eau celeste, etc., it may be found necessary to protect 
_ the eyes. For this purpose ordinary clear glass goggles may be used, 
or the sprayer may provide himself with mica goggles of large size, 
_ such as are worn in some portions of the country by men employed 
about thrashing machines. Both the glass and the mica goggles may 
be usually purchased through druggists. 


PUMPS FOR VARIOUS SIZED ORCHARDS. 


The selection of a good spray pump is advisable. The difference 
_ between the first cost of a poor pump and that of a good one is little, 
while the difference in the ex- 
| pense of spraying an orchard 
| with a poor and a good pump is 
_ apt to be considerable. 
| There are some features which 
__ every spray pump should possess. 
_ It should be furnished with an air 
_ chamber for the regulation of the 
flow, and the wearing parts should 
be of brass or brass lined. It 
should be strong and work easily, 
_ be supplied with means for firm 
attachment, and have capacity 
sufficient to maintain the required 
pressure without undue rapidity 
of stroke. 
_ Pumps for small orchards 
should be capable of throwing 
_ two good sprays. Such pumps, 
suited for attachment to the top 
or side of barrels, or to other raised tanks or foundations, are shown 
in figs. 6 and 7. These pumps are supplied with air chambers and are 
of sufficient capacity for ordinary orchard spraying. Each has a con- 
nection for a small pipe leading down from the discharge pipe to the 
bottom of the barrel or tank. By opening a stopcock in the pipe a 
stream may be forced back into the tank close to the end of the suction 
pipe, thus serving to free the suction from deposit and to agitate the 
spray. These pumps can be obtained with brass-lined cylinders. 
_ The stroke is upward and downward. (See also Pl. XXVLI.) 
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Fic. 6.—Spray pump for use on barrel or tank. 
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For orchards of medium to large size it is better to obtain onl 
powerful pumps—those capable of throwing four strong sprays. The 
pumps shown in figs. 8,9, and 10 are admirably suited for this class” 
of work. Pumps of the type shown in fig. 8 are used in the 1,600- | 
acre Rio Bonito orchard. In this orchard one man pumps for four , : 
men spraying (Pls. XXVII and XXVIII). In many portions of | 
California the pneumatic pump, shown in fig. 10, is a favorite. It has_ 
been used extensively in the spraying of orange groves where the — 
trees are large and where high pressure is necessary to throw the- 
spray to their tops. The pumps shown in figs. 8 and 9 have perpen- 
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Fig. 7.—Spray pump for use on barrel or tank. 


dicular levers, thus avoiding the bending or stooping motion of the 
operator. The levers of each of the three styles shown are long, and 
both the strength and capacity of the pump is sufficient. The style 
of pumps, both for small and large orchards, to which attention is here | 
called, will be found figured and listed in catalogues usually to be | 
found in the hands of leading hardware dealers. | 

Within the past few years leading orchardists and others haye— 
tested, with varying success, the application of different motive | 
powers to the operation of spray pumps. Steam and gasoline engine 
have received most attention for this purpose. Many of the powe 
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sprayers as now constructed are heavy, cumbersome affairs, which 
could never be of practical value in everyday orchard work. Of the 
‘machines or descriptions of the same which have come to the writer's 
attention, none have thus far appeared better adapted to practical and 
continuous orchard work than one in use at San Diego. This machine 
was planned and constructed for Mr. H. R. Gunnis, of San Diego, 
and has seen practical service for several years. It has been more 
or less changed and perfected from time to time, such improvements 
peeing made as have seemed best from experience gained in actual and 
extensive orchard work. This machine, as first called to the attention 
of the writer by Mr. Gunnis in the early part of July, 1895, is illus- 
Btrated in Pl. XXIX. The | 
photograph from which this 
plate was made was taken 
_ while the machine was being 
used in spraying a young 
orchard near Santa Barbara. 
In reference to the changes 
made since this photograph 
was taken, Mr. Gunnis writes: 
_ “The changes made in the 
~ machine since I corresponded 
_ with you regarding it in 1895 
consist in the addition of a 
_ rotary supply pump and the 
use of a tender cart for haul- 
_ ing the material to the machine 
_ instead of having to shut down 
and go to the material every 
_ time the tank is emptied.” 
Mr. Gunnis further says, — 
I under date of March 10, Fic. 8.—Spray pump for general orchard work, upright 
1899: ‘**The machine is still cI 
in constant use, and I can still say, as I wrote you over three years 
| ago, that it has developed no defects whatever. Some of the parts 
| wore out from actual service and have been replaced, but no changes 
i have been made in its construction. * * * The use of the supply 
pump and tender increases the capacity of the outfit 25 or 30 per cent, 
especially in large orchards. In very small places it can also be used 
economically by two men, both spraying, as a good, steady team can 


. 
| soon be taught to move and stop at the word. In this case it is not 


A 
14 


necessary to use the tender.” 

While it is believed that the machine which Mr. Gunnis has built 
and operated is superior to any other of its class, Iam informed that 
the gentleman contemplates still further improvements. In regard 
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to these changes Mr. Gunnis says that he is now building from nis 
own designs, and has almost completed, a small gasoline engine of 3 to 
4 horsepower, weighing less than 200 pounds. This engine is intended. 
for use with a spraying machine embodying all the features of his old — 
apparatus, but lighter and more compact. He also has plans under | 
way for a self- propelling machine, in which the extra power required 
will not cost half of what it does to feed a team, and which can be- 
much more easily controlled. 


Fic. 9.—Spray pump for general orchard ke. upright lever. 


Pl. XXX shows the right and left sides of Mr. Gunniss sprayer 
as it appeared after the addition of the rotary pump for filling the 
spray tank. <A detailed description of this machine was prepared by 
Mr. Gunnis and published in the Yearbook of the Department for 
1896 (pages 73 and 74), in an article by L. O. Howard, on the use of 
steam apparatus for spraying. Those wishing more complete details 
may refer to Mr. Gunnis direct, to whom the writer is indebted fo 
the illustrations and facts here given. 


wagon bolsters is shown in Pl. XXII, 
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SPRAYING TANKS, 


A great variety of forms and sizes of spray tanks are in use. For 
small orchards, scarcely anything better could be desired than large 
oak barrels holding 60 to 80 gallons. These may be swung upon 
wheels separately if desired, but the most convenient way is to place 
them’firmly in a one or two horse wagon. Large tanks, well hooped, 
are also very suitable for large orchards. Casks of this kind, holding 
300 gallons, may easily be placed in the bottom of a two-horse wagon, 
leaving abundant room for placing and operating the heavy hand 
pump. Such casks are shown in Pls. XXVIT and XXVIII. The 


manner of securing the tank by placing side timbers inside of the 


as is also the stirring stick which 
projects from a square hole in the 
top of the cask. 

Rectangular plank tanks are used 
by some, but it is generally found 
more difficult to keep them from 
leaking than in the case of casks, 
where the hoops may be tightened 
at will. Numerous spray carts, bar- 
rel attachments, etc., are illustrated 
in E. G. Lodeman’s work on The 
Spraying of Plants. 

The use of iron tanks is rare, and 
is hardly to be advised for general 
spray work, owing to the corrosive 
action of many sprays. For special 
sprays, as the kerosene emulsion, 
such tanks may, however, be safely 


employed. un all 
All spray tanks should be arranged Fic 10.—Pneumatic pump for general 


in such a manner as to be easily BDEAYINE. 


cleaned, especially where Bordeaux mixture or the sulphur sprays are 
to be used, and they should be provided with some means for stirring 
or agitating the spray. ‘The entrance to all suction pipes should be 
guarded with fine brass wire screen. It is well to wash the tanks out 
thoroughly at least once a day. 


APPLYING WINTER SPRAYS FOR CURL. 


A study of the many experiments conducted by the growers and 
described in this bulletin will give much information relative to the 
proper time for applying sprays for the control of curl. A presenta- 
tion of a few general principles involved may, however, be properly 


-made in this place. 
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THE TIME FOR WINTER SPRAYING, 


The proper time for the application of winter sprays for the control | 
of peach leaf curl depends very largely upon the conditions of climate, 
season, and situation of the orchard. The object to be attained is to 
prevent the fungus from infecting the first growth of spring. It has 
become apparent from the many and widely separated experiments 
which are here described that nearly if not all this infection result. 
from the spores of the fungus, which are present upon the tree and 
not, as formerly supposed, from a perennial mycelium, and it natur 
ally follows that these spores are to be destroyed or their germination 
prevented if the new growth is to be kept exempt from curl. When 
a spore is about to germinate or has just begun to germinate, its mem- 
branes are most tender and susceptible to fungicides. That most of 
the spores of Exoascus deformans enter upon the stage of germina- 
tion at or about the time of the pushing of the first leaf buds in the — 
spring admits of little doubt. That is the time when the tissues of the 
peach leaf are most tender, and when their infection by curl is actually f 
known to take place. 

The preceding facts indicate that the time when the fungicide is apt 
to do the greatest good is just before or at the time of the earliest push- — 
ing of the peach leaf buds. The spray should be everywhere present — 
upon the trees just prior to the beginning of growth. To obtain this — 
object it should be applied from one to three weeks before growth 
begins. This time may usually be determined by carefully watch- 
ing the fruit buds, which show signs of swelling some time before — 
they open. When they first begin to swell, the spray may be at once — 
applied (Pls. XXIII, XXIV, and XXYV). 

This plan relates to regions of moderate rainfall, where a single — 
thorough spraying, with sprays sufficiently strong and active, will — 
prove sufficient. In regions of heavy precipitation more spray should : 
be applied to the trees. It should be stronger and have greater adher-— 
ing qualities, or else more than one spraying during the winter will be 
required to give the best results. If two sprayings are given, it is — 
better to apply both to the dormant tree than to delay the second ; 
treatment till the leaf buds have opened The first spraying may be 
given in the fall or a few weeks before the second. ; 


THE MANNER OF APPLYING WINTER SPRAYS. 


The source of infection of the spring foliag of the peach by the 
fungus of leaf curl is local—i. e., it is to be found upon every portion 
of the tree. This fact is sufficient to shoy that any portions of the 
tree not reached by the spray will be as subjec to the disease as if no — 
spraying had been done. — It thus becomes apparent that very thorough 
work is essential to the general control of the disease upon the tree, 


DESCRIPTION OF PLATE XXIII. 


This plate shows the condition of the trees in the experiment block of the Rio 
Bonito orchard at the close of the spray work in the spring of 1895. The row of 
trees at the left has been sprayed; that at the right has been left unsprayed for com- 
parison. The first 10 trees on the left have been treated with a spray contain 
moderate amount of lime; the second 10 in the same row were treated with 1 
containing more lime, and they are much whiter than those in the foregroun Et 
Each row of 10 sprayed trees on the left and the corresponding row of 10 unepeare qd 
trees on the right constituted an experiment. The uniformity in the size of the ti 
in these experiments is here shown to advantage. It should be noted that the b 
are still closed, while the spraying is completed. 


PLATE XXIII. 
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Bull. 20, Div. Veg, Phys. & Pa 


APPEARANCE OF TREES AFTER TREATMENT, EXPERIMENT BLock, Biaas, CAL. 


Treated trees at left; untreated trees at right. 
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DESCRIPTION OF PLATE XXIV. 
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A portion of the Lovell trees in the Rio Bonito orchard left unpruned until too 
late to spray, many of the flowers being already open. This plate should be com- 
pared with Pl. XX V, which shows how the orchard should be pruned before spray- 
ing, and also with Pl. X XIII, which shows how far bud development may ordinarily 
be allowed to advance in the spring up to the time the spray work is completed. 
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PLATE XXIV. 


Bull. 20, Div. Veg. Phys. & Path,, U. S. Dept. of Agriculture. 
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UNPRUNED TREES; TOO LATE FOR TREATMENT. 


Blossoms are opening, 
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DESCRIPTION OF PLATE XXV. 


A properly pruned portion of the Rio Bonito orchard, which has developed too 
far for the best results of spraying. Spraying should be completed by the time the 
buds have developed as far as those shown in Pl. XXIII. 


PLATE XXV. 


Bull. 20, Div. Veg. Phys. & Path., U. S, Dept. of Agriculture. 


TREES PROPERLY PRUNED; TOO LATE FOR TREATMENT, 


Blossoms are opening. 
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Thorough spray work requires that the sprays be applied in as calm 
weather as possible. Wind greatly retards and lowers the class of 
work done. Sprays should likewise not be applied when the twigs or 
limbs of the trees are covered by frost, snow, or sleet, or by the water 
of rains, dew, or heavy fogs. ‘To avoid the presence of hanging drops 
of dew upon the limbs, it is frequently necessary to delay spraying 
until late in the morning. Such delay is preferable to the application 
of spray to the dripping trees. When the twigs are dry the spray 
dries where it strikes, and succeeding dews or showers, if the latter 
are not too heavy, will not wash oif the spray to a very injurious 
extent. 

If the sprayer is provided with suitable extension pipe and nozzle 
with lateral discharge, the work of spraying peach trees of ordinary 
size may be rapidly and easily done. ‘The cone of spray is first turned 
upward under the base of one of the main limbs of the tree and the > 
pipe moved so that the spray passes outward toward the end of the 
limb, spraying the entire under surface of the limb from base to tip. 
The sides and top of the limb are now sprayed, together with all of 
its terminal branches and twigs. Each main limb of the tree is treated 
in like manner, the sprayer passing about the tree as the work is com- 
pleted. The habit of actively moving the nozzle back and forth while 
at work will soon be acquired by the workman desirous of doing good 
work, and by this means the most uniform spraying is accomplished. 


SPRAYING WHERE OTHER DISEASES ARE PRESENT WITH CURL. 


There are many peach diseases which may coexist upon the tree 
with curl. Many of these are amenable, in whole or in part, to treat- 
ment adapted to the control of curl, but in some cases where two or 
more are present it may be advisable to make slight alterations in the 
treatment. The following notes on some of the more common dis- 
eases may prove of value. 


PRUNE RUST ON THE PEACH (Puccinia pruni Pers.). 


It is a fact which does not appear to be generally known that prune 
rust infests the tender branches of the peach as well as its leaves. 
This has been found especially true in young trees. Spore clusters are 
found upon the young shoots before growth begins in the spring, 
showing that the disease winters over by means of spores produced 
upon and remaining attached to the branches, as well as by the spores 
produced upon the leaves and scattered over the tree. Where the 
trees are suffering from rust it is therefore apparent that a thorough 
winter treatment is required to clean the tree and prevent the spring 
infection, hence such spraying is recommended for the control of both 
curl and rust, though the full control of the latter disease is very 

19093—No. 20-12 


178 PEACH LEAF CURL: ITS NATURE AND TREATMENT. 


difficult and will, at best, be necessarily followed by several summer 
treatments. There can be little doubt, however, that a thorough 
winter spraying will prevent a greater portion of the injury from rust 
than any single spraying applied at a later date, as it gives a practi- 
cally clean tree at the opening of the season of growth. Winter 
sprays for the control of rust must be strong; but summer sprays if 
strong should be positively neutral and noncorrosive, as peach foliage 
is exceedingly tender. 


MILDEW OF THE PEACH (Podosphxra oxyacanthe De B.). 


Peach mildew is widely distributed in the United States and in 
Europe. The fungus causing it attacks the leaves, fruit, and tender 
branches in the early part of the summer. The branches serve for 
the wintering over of the spores, thus aiding in supplying the source 
of spring infection. Winter treatment of the trees, with either the 
copper or sulphur sprays, will largely limit this spring infection, 
but later treatment with weak sprays will often be necessary for full 
control. 

BROWN ROT OF THE PEACH (Monilia fructigena Pers.). 


Brown rot of the peach has become one of the worst fungous dis- 
eases of the peach over large portions of the United States. It is 
quite general throughout most peach-growing sections of the East, 
and has become well established in the Pacific Northwest. It has been ~ 
shown by Erwin F. Smith that the fungus winters over in the diseased 
branches and in the dried fruit adhering to the tree. These facts — 
point to a thorough winter spraying with active fungicides as one of — 
the first steps required in its treatment. Summer sprayings will also 
be required, and even when thoroughly followed up, the disease will 
prove hard to control. Too much stress can not be laid, however, 
upon the necessity,of disinfecting the dormant tree as perfectly as 
possible by thorough winter treatment. 


BLACK SPOT OF THE PEACH (Cladosporium carpophilum Thiim.). 


| 
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This disease, which produces black spots upon the peach, is well 
known in many portions of the United States and in Europe, and in — 
the East and South, especially in Texas, it has become quite trouble-— 
some. In some parts of Europe it has been known as a true epiphy-_ 
totic. Whether this Cladosporium infests the branches the writer — 
can not say, but it appears not improbable that such is true, or in any | 
case that the spores probably find winter lodgment upon the tree itself. © 
Black spot has been controlled in Texas by the use of the copper 
sprays, and there seems no reason to doubt that the winter treatment 
of the infected trees would largely tend to disinfect them and materi 
ally reduce the summer development of the disease. 
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WINTER BLIGHT OF THE PEACH AND OTHER SPOT AND SHOT-HOLE DISEASES, SUCH AS 
Phyllosticta circumscissa BERK,, Cercospora circumscissa SACC., BVC. 


In the Northwest, on the Pacific coast, there are several diseases of 
the peach not generally known throughout the East, and also several 
other diseases common to both sections of the country. These troubles 
are generally known as leaf spot or shot-hole diseases. One very 
widely distributed disease is that produced by Cercospora circumscissa 
Sace., but one of the most troublesome diseases of this class that 
occurs in California and Oregon, is induced by a fungus not yet fully 
studied, which infests the tender and be: aring branches and appears to 
begin its vegetative activity some time prior to the blooming of the 
tree in the spring. On account of the habit of the fungus to grow in 
the dormant or semidormant branches of the tree, the disease is termed 
by the writer the winter blight of the peach. It j is one of those dis- 
eases which destroys the most valuable young growth of the tree, i. e., 
the shoots which are low and suited to the production of the finest 
fruit. This disease, in common with another quite prevalent on the 
Pacific coast and which is probably induced by a Coryneum, does 
most damage in the more humid localities. Both do their more serious 
work so early, as is also true of peach leaf curl, that summer spraying 
would have but little effect toward their control. Both induce gum- 
mosis of the affected branches, as is true of the action of many fungi, 
and is a well-marked result of the presence of Coryneum byerinckii 
Ond. Winter blight has already been successfully treated with the 
winter sprays, and it is believed that such spraying is sufficient for its 
control, provided the work be done thoroughly and repeated each year. 

There is no doubt that the winter treatment of the peach for curl is 
properly and essentially the first step for the control of any of the 

_ above-mentioned diseases. Too much can not be said in favor of this 
treatment, which disinfects the trees before vegetative growth begins. 
_ The striking thoroughness of such disinfection work may be seen 
from the records given below. | 


SOOTY MOLD OF THE PEACH. 


When tke Department spraying experiments began in the Rio 
Bonito orchard, there was everywhere present on the trunks, inner 
Hmbe, and pidar bark of the experiment trees a fungous ‘‘smut,” or 

‘sooty mold,” giving the bark a black appearance when closely 
examined. Of the 58 rows included in this block, 35 were sprayed, 
as before stated, prior to March 10, and 23 left unsprayed for com- 
parison. On August 10, 5 months after the spraying was completed, 
all but 4 rows were examined for the presence of sooty mold, with the 
following result: 

Sprayed rows showing no sooty mold August.10: Nos. 1, 3, 6, 7, 10, 
12, 13, 15, 16, 18, 19, 21, 22, 25, 27, 98, 33, 35, 36, 38, 39, 41, 45, 47, 48, 50, 
51, 54, 56, and 57— total, 30 rows. 
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Sprayed rows showing a trace of sooty mold: Nos. 42 and 44 (sul- 
phide of potassium was applied to row 42 and simple milk of lime to 
row 44)—total, 2 rows. 

Unsprayed rows showing the presence of sooty mold upon the trees 
August 10: Nos. 2, 5, 8, 11, 14, 17, 20, 23, 26, 29, 34, 37, 40, 43, 46, 
49, 52, 55, and 58—total, 19 rows. 

Unsprayed trees showing no sooty mold, none. 

Rows sprayed in 1894, but not sprayed in 1895: No. 4, no mold 
apparent; No. 24, some mold present; No. 53, a little mold present— 
total, 3 rows. 

Rows for which no notes on sooty mold were obtained: Nos. 9, 30, 
31, and 32—total, 4 rows. 

The above notes show that records of the sooty mold were obtained 
from 32 rows of sprayed trees 5 months after treatment. Of these, 
30 rows showed no sooty mold, while 2 showed a very little. Neither 
of these exceptional rows was sprayed with a generally recognized 
fungicide. On the other hand, of the 19 unsprayed rows examined, 
all showed sooty mold. The record for rows sprayed in 1894 but left 
unsprayed in 1895, shows that the trees had but little mold upon them 
17 months after spraying. 

The preceding facts show the disinfecting value of a single winter 
spraying, even where the whole tree surface is covered with fungous 
mycelium and spores. 


ANIMAL PARASITES OF THE PEACH TREE. 


Among the insect pests of the peach tree now prevalent in many 
parts of the United States, the San José scale (Aspzdiotus perniciosus 
Com.) is probably the most injurious. This pest, as is already well 
known on the Pacific coast, can be controlled by winter spraying with 
the sulphur sprays considered in this bulletin. Where the insect is 
known to be present, the strongest of these sprays described should be 
used, and it would be well to apply it somewhat earlier in the spring 
than where weaker sprays are used. 

All leaf-eating insects depositing winter eggs upon the tree may 
be largely controlled by the winter use of sulphur sprays. There — 
is also a mite (Phytoptus sp.?) infesting the peach leaves in Califor-— 
nia, which the writer believes may be destroyed in this manner, — 
from the fact that experiments conducted in 1895 in the Sacramento 


are 


Valley showed that the same line of treatment is effective in the : 
destruction of a related mite (Phytoptus pyri Sor.) upon the pear. if 
Mr. William N. Runyon, of Courtland, Cal., makes the following 
statement respecting the peach moth, which may also prove of value— i 
to growers suffering from this pest: ‘* Incidentally I would state that — 4 
experience shows that peach trees sprayed with lime, sulphur, and P 
salt are not subject to the attacks of the larva of the peach moth 4 


Some growers claim a saving of 90 per cent of affected fruit.” 


CHAPTER X. 


NATURE AND SOURCE OF THE SPRAYING MATERIALS USED. 


The following notes on the chemicals for sprays are presented for 
the general information of the fruit grower. The facts given are 
those which every sprayer should understand. 

Spraying is frequently retarded or prevented owing to a want of 
information relative to the nature, sources of supply, or true value of 
the chemicals required. A grower uninformed upon the last-named 
point is often at the mercy of local druggists or other dealers. For 
example, copper carbonate can be made by the grower himself at from 
13 to 14 cents per pound, and ammonia of 26° strength may be pur- 
chased at about 60 cents per gallon, while local prices have been 
known to range as high as $1 per pound for copper carbonate and 
$1.50 per gallon for ammonia, which makes it impossible to undertake 
spray work. ‘The writer has found the same conditions prevailing in 
respect to prices for sulphur, which is used very largely in the sulphur 
sprays and for the treatment of mildew. In some cases the prices 
asked by dealers in the East have been 400 or 500 per. cent higher 
than growers have for years been paying in California. It can 
not be expected that the sulphur sprays will be generally used in the 
East under such conditions. 


COPPER SULPHATE (formula CuSO,5H,0O). 


Of all fungicides thus far known, copper sulphate is the most 
important. It is commonly known as blue vitriol or bluestone in the 
United States. Its foreign names are largely equivalents of these 
terms, although the Germans also apply the name of copper vitriol 
(Kupfervitriol). 

When pure, copper sulphate crystallizes in large, blue, triclinic 
prisms. It contains about 25.3 per cent of copper, and dissolves in 
four parts of cold water and two parts of boiling water. 

The presence of iron is indicated by a greenish color of the crystals 
or at the surface of a watery solution when exposed to the air. A 
solution of pure copper sulphate should be blue. The presence of a 
small amount of iron, which commonly occurs when copper sulphate 
is manufactured as a by-product in modern smelting works, does not 
necessarily detract from its value as a fungicide, while this by-product 
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may often be purchased at a somewhat lower figure than a purer 
article. Spraying tests have been made by the writer for the com- 
parison of pure commercial bluestone with that obtained as a by-prod- 
uct of smelting works, and which contained a considerable amount of 
iron, and the results showed that the latter article contained fully as 
great fungicidal value as the former. 

The manufacture of copper sulphate is carried on at a considerable 
number of establishments in the United States, and various processes 
are followed. A large amount of this chemical is also imported, 
chiefly from England. 

Bluestone is prepared by dissolving cupric oxide in sulphuric acid, 
or by oxidizing the sulphide of copper, the latter being the cheaper 
process. Mr. Alfred Rapp, a gentleman who has enjoyed a wide 
experience, has kindly supplied the following facts respecting the 
manufacture of copper sulphate by a leading smelting firm of the 
Pacific coast. He states that the copper is mainly derived from mattes 
produced in the blast furnaces, and, secondly, from an acid solution 
of sulphate of copper resulting from the precipitation of silver by 
metallic copper out of a sulphate solution. To bring the copper in the 
different mattes in solution they are first crushed and pulverized to 
about one-thirty-second of an inch or finer, and subjected to a roasting 
process by which the sulphur is nearly all oxidized. The roasted 
matte contains the copper as oxide and partly as sulphate, with a small 
amount still as sulphide. This material is pulverized once more and 
fed into lead-lined leaching tanks, where the acid copper sulphate 
solution is added, and, if necessary, sulphuric acid. The whole mass 
is heated by steam running through lead pipes. The copper oxide 
and the copper sulphate in the roast is thus brought in solution as a 
sulphate. About 80 per cent of the copper contained in the mattes is 
thus leached out. The resulting solution, of course, is not a neutral 
one, but still contains an excess of free sulphuric acid. This solution 
is transferred to other lead-lined tanks, containing, suspended from 
wooden sticks, strips of lead about 3 inches wide, the central portion 
of which is bent downward between the sticks so as to form a loop, 
which is held by the ends of the lead strips being bent over the sticks. 
The copper sulphate when run down to these crystallizing tanks is 
about 36° to 44° B. During the cooling process, which takes about 
four to seven days, the copper sulphate, or rather part of it, separates 
out of the solution as blue crystals, which are deposited upon the 
strips of lead. ‘These crystals are dried and packed in barrels ready 
for the market. This, Mr. Rapp adds, is the general way in which 
bluestone is made the world over, except that they have at the works 
considered, in addition to the copper in the mattes, the acid copper 
sulphate solution from a silver refinery. 


NATURE AND SOURCE OF SPRAYING MATERIALS. 183 


Water draining from copper mines sometimes carries copper sulphate 
in solution, in which case the crystals are procured by evaporating the 
excess of water. Barrels of copper sulphate weigh from 300 to 600 
pounds. 

The manufacturer’s price of copper sulphate will depend largely 
upon.the price of copper and sulphuric acid—two leading constituents, 
as they are sold in the market—and upon supply and demand. ‘The 
cost to the manufacturer will not, however, necessarily depend upon 
the market value of copper and acid, for one or both may be obtained 
by him as by-products in other regular and profitable lines of manu- 
facture, such as the smelting of gold and silver ores, ete." 


COPPER CARBONATE. 


Copper carbonate as usually prepared shows the following formula: 
CuCO,. CuH,O,. It is widely used in the preparation of ammoni- 
acal copper carbonate sprays, and is especially well adapted to the 
treatment of maturing fruit where subject to fungous diseases. As 
commonly sold on the market, the carbonate of copper is green and 
finely granular or powdery. It contains about 57.4 per cent of cop- 
per. Native minerals of similar composition occur, such as malachite 
and azurite. 

Copper carbonate is manufactured by a number of firms in the 
United States, but much less extensively than the sulphate. In most 
cases it is prepared by adding to a solution of copper sulphate an 
excess of sodium carbonate (sal soda) in solution. This gives a floc- 
culent mixture of pale blue color, afterwards changing to green. 
_ Heating makes the precipitate more granular. 

Owing to the difficulty of obtaining carbonate of copper in smaller 
towns, as well as the high price usually charged for it, the Depart- 
ment has usually recommended that the fruit growers prepare it. 
The following instructions for this work were published by the writer 
in a circular sent to the peach growers of the country in 1894-95: In 
a barrel dissolve 6 pounds of copper sulphate in 4 gallons of hot 


1 Owing to the somewhat enhanced value of copper at this time (March, 1899), the 

wholesale price of coppersulphate hasadvanced. San Francisco producers quote copper 
sulphate in barrels, f. 0. b., at 5} cents, and carload lots at 5 cents per pound; Omaha 
quotations are, by the ton or carload, 53 cents; one New York firm quotes 5? cents 
by the barrel or ton and 53 cents by the carload, and a second firm quotes 6 cents by 
| the barrel, 5,5 cents by the ton, and 5} cents by the carload; Denver quotations are 
_ 6 cents by the barrel, 5? cents by the ton, and 5} cents by the carload; Cleveland 
quotes 6 cents per pound in any quantity; one Philadelphia firm quotes 6 cents by 
the barrel, 5; cents by the ton, and 5} cents by the carload, and a second firm quotes 
5} cents by the barrel, 53 cents by the ton, and 5} cents by the carload; Baltimore 
quotes 53 cents by the barrel, 53 cents by the ton, and 5} cents by the carload; Great 
Falls, Mont., quotes 4} cents per pound in carload lots and 5 cents per pound for less 
than carload lots, ete, 
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water. In another wooden vessel dissolve 7 pounds of washing 
or sal soda, in 2 gallons of hot water. The soda should be clear 
(translucent), and not white and powdery, as it appears when air slaked. 

When cool, pour the soda solution slowly into the copper solution. 

As soon as bubbles cease to rise fill the barrel with water, stir thor- 
oughly, and allow the mixture to stand over night to settle. The 
next day siphon off all the clear liquid from the top with a piece of 
hose, fill the barrel with water, stir thoroughly, and allow it to stand a 
second night. Siphon off the clear liquid the second day, fill the bar- 
rel with water, stir, and siphon off the clear liquid once more the 
third day. Now pour the wet sediment from the barrel into a crock 
or other earthen dish, strain out the excess of water through a cloth, 

and dry slowly in an open oven, stirring occasionally, if necessary, 8 
prevent overheating. Prepared in this manner there should be 
obtained, if none of the sediment in the barrel be lost, about 2.65 
pounds of carbonate of copper. 

Owing most probably to the comparatively limited sale of carbonate 
of copper, the market price has been and still remains too high. It 
can rarely be obtained for less than 30 to 40 cents per pound, which is 
from two to three times the cost to the grower when it is prepared at 
home. | This condition reacts upon the manufacturer by causing 
the grower to make his own carbonate, the market never feeling his 
demand. With fungicides which the grower is unable to prepare the 
conditions are different. His needs increase the demand in the market, 
and increased demand tends ultimately to lower prices. 

The cost of copper carbonate when prepared by the grower will 
depend upon the cost of copper sulphate and sal soda. Quotations of 
March and April, 1899, placed ag see sulphate at 5 cents per pound 
by the barrel and sal ee at +4, of a cent per pound in like quan- 
tity. At these rates the grower should be able to prepare the car- 
bonate of copper at about 12.3 cents per pound. Quotations on larger J 
lots of sal soda and copper sulphate placed the price at 745 of a cent 
and 4% cents per pound, respectively. At these prices the raw mate-_ 
rials for a pound of copper carbonate would cost about 11.8 cents. 
These facts show that wholesale druggists and manufacturing chemists — 
could place the carbonate upon the market at 15 or 20 cents per pound — 
and still make a good profit, even when buying their sodium carbonate — 
and copper sulphate in the open market. If we go a step farther — 
hack, however, we may see that the first cost of copper carbonate can — 
be greatly rodhucé d below any figures here given. Ten-elevenths of — 
the cost is seen to depend upon the price of copper sulphate, and the — 
first cost of this latter depends upon the cost to the manufacturer of 
sulphuric acid and copper. Both of these articles may be produced 
as by-products of modern smelting processes. A firm at Blacksburg, 
S. C., informs the writer that they employ gold-bearing pyrites for 
the manufacture of sulphuric acid, the sulphur fumes being drive 
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off with heat and condensed in lead chambers in the usual way. The 
acid, the firm states, pays the expenses, hence the gold collected is a 
by-product with them. For the same purpose sulphur may be obtained 
by heat from several kinds of pyrites—that is, from the sulphides of 
copper and iron. As already shown in the notes on copper sulphate, 
copper for the production of this chemical may be derived largely 
from the mattes of silver smelting works. In view of the fact that 
both the copper and sulphur of copper sulphate may be obtained as 
by-products in the extensive gold and silver smelting works, the first 
cost of this chemical can certainly be placed at a figure admitting of 
the manufacture of copper carbonate at a very low cost. It could 
probably be placed on the market to-day by the leading smelting 
companies at 15 cents per pound and still leave a liberal profit on 
first cost. It is to be hoped that this matter will be looked into by 
some of the larger smelting firms, and that the carbonate of copper 
may soon be had on the market at prices which are not prohibitive to 
its purchase by the horticulturists of the country.’ 

AMMONIA (formula NH,). 


{ Ammonia is of gaseous nature and strongly alkaline in reaction. 
It is readily taken up or dissolved in water, in which form it is used in 
preparing the ammoniacal copper carbonate, eau celeste, and modified 
eau celeste—three of the more important copper sprays. <A strong 
solution of ammonia may be commonly had on the market or from the 
manufacturers. Such a solution contains, by weight, about 28 per 
cent of ammonia gas, and is soldas 26° ammonia, as shown by Baumé’s 
hydrometer test. A weaker solution is often prepared by druggists 
and is sold as ammonia water, or aqua ammonia. This often contains 
no more than 10 per cent of ammonia gas, and is obtained by reducing 
the stronger article with water. It is scarcely necessary to add that 
there is no economy in buying this dilute liquid. The price is apt to 
be out of proportion to the strength, and if quantities are to be shipped 
long distances there is a needless increase of freight, owing to the 


1The following quotations on copper carbonate were received March, 1899: St. 
Louis quotes 10-pound lots at 273 cents per pound, 100-pound lots at 25 cents per 
pound, and 1,000-pound lots at 23 cents per pound, f.o.b.; one Philadelphia firm 
quotes 10-pound lots at 23 cents per pound, 100-pound lots at 22 cents per pound, 
1,000-pound lots at 21 cents per pound, f. 0. b., anda second house quotes 28 cents per 
pound for ordinary quantities and 21 cents per pound by the barrel; New York 
quotes 10-pound lots at 35 cents per pound, 100-pound lots at 28 cents per pound, and 
1,000-pound lots at 22 cents per pound f. 0. b.; Boston quotes 10-pound lots at 20 cents 
per pound, 100-pound lots at 18 cents per pound, and 1,000-pound lots at 16 cents per 
pound. 
The writer invites attention to the great variation in quotations from different 
centers of trade. It is satisfactory to note that quotations just received from Boston 
_indorse the view already expressed, that carbonate of copper can be placed upon the 
market at about 15 cents per pound and leave a sufficient profit to the manufacturer, 
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added percentage of water. It is always desirable to specify the 
strength of the ammonia solution when obtaining quotations. 

Plants and animals furnish'‘the main sources of commercial ammonia. 
In each case the ammonia is obtained through the decomposition or 
destructive distillation of the organic matter. Mr. Mallinckrodt, of 
the Mallinckrodt Chemical Works, of St. Louis, and president of the 
Pacific Ammonia and Chemical Company, states that there are, as 
already indicated, but two prime sources from which aqua ammonia is 
obtained, viz, ‘‘ bone liquor,” obtained as a by-product in the manu- 
facture of bone coal, and ‘‘ gas liquor,” obtained from the scrubbing 
of gas in works for the manufacture of coal gas. A similar source is 
also found in the making of coke. It is further stated that ammonia 
is obtained from bone liquor almost exclusively in the form of sulphate 
of ammonia, often of crude quality, which is used in the manufacture 
of fertilizers. Gas liquor is partly worked into a sulphate of superior 
quality, but mostly into aqua ammonia, by what is called the direct 
process. It is redistilled and aqua ammonia made therefrom. Aqua 
ammonia obtained from this source is largely used in the manufacture 
of ice and for other technical purposes. Obtained in this way, it is 
said to be the cheapest article of good quality that can be supplied. 

A crude concentrated ammoniacal liquor is also largely made by 
concentrating gas liquor without purification. This concentration is 
carried on mainly at smaller works for the purpose of transporting the 
liquors in a more concentrated form, to save the expense of freight, to 
works where crude liquor is redistilled and manufactured into pure 
aqua ammonia. The concentrated liquor is, however, also largely used 
in the preparation of nitrate of ammonia, which is used in the manu- 
facture of powder, but most largely in the manufacture of soda ash. 
This crude liquor contains, besides a small amount of free ammonia 
(NH,), a considerable amount of carbonate, sulphide, cyanides, and 
other ammonia salts, together with tarry and empyreumatic matter 
resulting from the destructive distillation of coal. The strength of 
this liquor can not be made greater than 15 to 20 per cent, and it is 
doubtful if it could be advantageously used as a substitute for aqua 
ammonia in the preparation of sprays. The ammoniacal liquors obtained 
in the manufacture of coal gas are entirely a by-product. 

As the gas works of the United States have been largely supplanting 
coal gas with water gas, in the manufacture of which ammonia is not 
obtained, the quantity of ammonia produced in the country has been 
steadily decreasing, and the demand is being supplied principally from 
England. Both aqua ammonia and anhydrous ammonia are made 
largely from imported sulphate of ammonia, and very large quantities 
of the imported article are also consumed in the manufacture of 
fertilizers.’ 


1San Francisco’s quotation on ammonia water of 26° hydrometer test, in drums of 
about 750 pounds, f. 0. b., is 74 cents per pound, 
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SODIUM CARBONATE (formula Na,CO,.10H,O). 


Sodium carbonate, sal soda, or washing soda is used in making car- 
bonate of copper from the sulphate of copper and in preparing the 
modified eau celeste. As obtained in the market it is in colorless, 
monoclinic crystals, showing a strongly alkaline reaction to litmus 
paper’ When exposed to the air much of the water of crystallization 
is lost from the crystals, which rapidly eflloresce or slake to a white 
powder. When perfect, nearly two-thirds of the crystals, by weight, 
is water. 

Carbonate of soda dissolves in 1.6 parts of water at 59° F. and in 
0.2 part of boiling water. When a solution of sal soda is added to 
the solution of copper sulphate in making copper carbonate, or to any 
other acid solution, a decided effervescence takes place, so that in 
making the copper carbonate the two solutions used should be united 
slowly or they may overflow the containing vessels. The more com- 
mon impurities found in sodium carbonate are sodium chloride 
(common salt) and sodium sulphate (Glauber’s salt). These impurities 
are due to the source and manner of manufacture of the sal soda, but 
are not usually present in the latter in sufficient amount to require 
attention in the spray work being considered. 

The sources of sodium carbonate are somewhat numerous, but the 
commercial. supply of to-day is derived mainly from common salt or 
from natural deposits of the carbonate. In nearly all arid countries 
carbonate of soda is frequently found in the soil in such quantities as 
to be injurious to vegetation. Westof the Missouri River largeaccumu- 
lations of the different soluble salts of the soil are frequently met 
with. In the East such accumulations are prevented by the greater 
rainfall, the salts being eventually washed from the soil and carried to 
the sea, but in the West they often coat the ground, appearing white 
or black, and are known as “‘ alkali beds,” owing to the frequent pres- 
ence of strongly alkaline salts, such as sal soda. The most abundant 
constituents of these deposits are sodium sulphate, sodium chloride, 
and sodium carbonate. The sodium chloride and sodium carbonate are, 
when in excess, so injurious to vegetation as to constitute a leading 
bane of the horticulturist of the western half of the United States. In 
_ the great plateau region between the Rocky Mountains and the Sierra 
Nevada and Cascade ranges are vast stretches of alkaline soils, the 
soluble salts of which accumulate in lakes and along water courses 
through the drainage of the winter rains. During the long, dry sum- 
mer these waters evaporate to a considerable extent, leaving the salts 
deposited along the margins of the lakes and rivers.'' In some cases 
these deposits of alkali are composed largely of sodium carbonate, and 
_ in several instances, after passing through a simple purifying process, 


1These deposits are very well shown in the illustrations of Bull. No. 14, Division 
of Soils, U. 8. Dept. of Agr. 
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this salt is obtained in a quite pure state, the original deposits contain- 
ing as high as 90 per cent of sal soda. This latter is obtained from 
the soda lakes of South America, Egypt, etc., as well as from those of 
the United States. There are several such soda lakes in Wyoming, 
Nevada, and California. Large amounts of sal soda are crystallized 
from crude carbonate of soda obtained from Soda Lake, near Ragtown, 
Ney. This lake is known as Big Soda Lake, to distinguish it from a 
smaller soda lake near by. The lake is a beautiful sheet of water, lying 
in a depression of the desert, the water being about 150 feet in depth at 
the deepest point. It is very close to the old emigrant road running 
from the sink of the Humboldt River to Carson River. The separa- 
tion of carbonate of soda from the waters of this lake is largely by 
solar evaporation. In the fall the salts deposited are taken up, washed, 
passed through a furnace, and shipped in sacks to San Francisco, where 
the soda is refined and bleached for various uses. The principal uses 
on the Pacific coast are in glass-making and borax-making. It is 
stated that sal soda obtained as here described is practically a pure 
article, though the natural color is somewhat yellow or brownish. It 
is generally useful, except as a fancy article for the retail trade. For _ 
such purposes it must be bleached with chloride of lime, after which 
it presents beautiful crystals. 

There is also a large plant in operation at Owens Lake, Cal., get- 
ting out carbonate of soda from the waters for the Pacific market. 
This product, with that above described, is nearly equal in strength 
and purity to the eastern and the imported product, so much so that 
consumers are safe in using the western product, if desired. All or 
most sodas (carbonates) found on the Pacific coast proper are in the 
form of sesquicarbonates, and are often so much contaminated with 
sulphates and chlorides that much expense is entailed in their separa- 
tion, and they are therefore of little value as sources of supply. 

The second great commercial source of sal soda is common salt. 
The salt deposits of the country are vastand inexhaustible in quantity. 
The Onondaga Salt Group of the Upper Silurian alone underlies 
much of the large extent of country, as well as the Great Lakes, situ- 
ated between Salina, N. Y., and Green Bay, Wis. At certain points 
the salt deposits of this group are known to exceed 100 feet in thick- 
ness. The deposit is tapped by wells at Warsaw, N. Y., in western 
Ontario, in eastern and in western Michigan, and elsewhere. The rock 
salt of western Michigan is 20 to 30 feet in thickness, and is reached at 
a depth of 1,800 to 2,200 feet. Other large salt deposits are found in} 
Kansas and in numerous other portions of the country. 3 

Sal soda is manufactured from salt on a commercial scale according 
to two leading processes. The older of these is known as the Leblane e 
process, and has been extensively employed in England and through-_ 
out Europe. It inyolyes two steps in the manufacture, (1) the conver- 


NATURE AND SOURCE OF SPRAYING MATERIALS. 189 


sion of salt into sodium sulphate, and (2) the decomposition of sodium 
sulphate and its conversion into sodium carbonate. The first opera- 
tion is known as the ‘‘salt-cake” process, and the second as the ‘* soda- 
ash” process. The first step is carried out by the application of sul- 
phurie acid to the salt and the decomposition of both in a furnace, the 
double decomposition resulting in the formation of hydrochloric acid 
and sodium sulphate. The hydrochloric acid is condensed and pre- 
served, while the salt is converted by heat into a hard cake of acid 
sodium sulphate. There is usually in this cake, however, more or less 
unaltered sodium chloride. In the second step the salt cake is pul- 
verized and mixed with an equal weight of pulverized limestone or 
chalk and half its weight of fine coal. This mixture is heated to 
fusion in a furnace, being constantly stirred or reyolyed. The com- 
bustion of the coal under the heat which is maintained seems to con- 
vert the sodium sulphate into sodium sulphide, and the decomposition 
of the sodium sulphide and limestone, with the interchange of ele- 
ments, produces calcium sulphide and sodium carbonate. ‘The resulting 
mass is cooled in iron receivers, broken up finely, and digested in tepid 
water. The alkali dissolves and leaves the insoluble impurities. The 
sodium solution is evaporated, and when dry the mass is calcined with 
one-fourth its weight of sawdust, to more fully convert the alkali into 
carbonate. This product—the soda ash of commerce—is again dis- 
solved in hot water, and the solution filtered and allowed to cool. As 
the solution cools the carbonate of soda is deposited in large, trans- 
parent crystals, such as are supplied to the trade. Soda ash was 
formerly largely imported from England, but in the last few years has 
been made in the United States to a very large extent. The dissoly- 
ing of the soda ash and the crystallizing of the sal soda is carried on 
extensively by firms not manufacturers of the ash. A St. Louis firm 
states that they crystallize the solution of soda ash in tanks holding about 
8,000 pounds each. After the crystallization has progressed sufficiently, 
which takes from ten to fourteen days, according to the temperature of 
the weather, the mother lye, which contains all the impurities, is 
drawn off and the sal soda is then broken, dried, and packed in barrels. 
It is stated that a newer process is to crystallize the solution in small 
tanks, holding perhaps 200 pounds. -In this small quantity the liquid 
crystallizes in a very short time, say over night, but does not give any 
mother lye, and consequently no impurities are removed. 

A system entirely different from the Leblanc process is in use in the 
United States in some of the leading salt regions and has come very 
largely into use in Europe. It is known as the ammonia soda process, 
or the Solvay process. It consists in decomposing a solution of com- 
mon salt with ammonium bicarbonate, whereby the greater part of 
the sodium is precipitated as bicarbonate, while the ammonia remains 
in solution as ammonium chloride. This latter salt is heated with 
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lime to liberate ammonia, which is then reconverted into bicarbonate — | 


by the carbonic acid evolved in the conversion of the sodium bicar- 
bonate into monocarbonate by heat. The ammonium bicarbonate thus 
reproduced is employed to decompose fresh portions of sodium chlo- 
ride, so that the process is made continuous." 


SULPHUR (symbol S). 


The value of sulphur as a fungicide, insecticide, and germicide has 
been known for many years. Its use in a powdered state has been 
long followed in hothouses and vineyards, and its application in the 
treatment of parasitic skin diseases of man and the lower animals, and 
in the control of fermentation in fruits and wines is equally well 
known. In connection with potash and soda it has been applied to 
the treatment of fungous diseases in the form of sulphides of these 
bases. | 

The recent marked use of sulphur in preparing sulphide of lime for 
the spraying of trees is believed to have been first suggested in Cali- 
fornia, the idea coming, it is thought, from the use of sulphur in a 
similar form as a dip to kill scab mites on sheep. ‘The spraying of 
trees infested by scale insects was a natural application of its known 
insecticidal qualities to the needs of the orchard. In combination with 
lime and salt it is now very widely used on the Pacific coast. These 
chemicals are boiled together for a considerable time, and result in the 
formation of one or more of the sulphides of calcium in liquid form. 
While the value of this spray is well established in regions west of the 
Rocky Mountains, its introduction in the East has been slow, though 
it is almost certain to havea wide application in that section in coming 
years, when the full importance of winter spraying for the control of 
insect pests and fungous diseases is more fully appreciated. ‘This is 
more especially true where both of these classes of diseases occur at 
one time on the same host plant. 

Sulphur is obtainable in the market in several forms and degrees of 
purity. The forms most common are known as brimstone, the flour 
of sulphur, and flowers of sulphur. Brimstone is sulphur in the solid 
form, flour of sulphur is ground brimstone, and flowers of sulphur is 
sulphur which has been sublimed. Common brimstone is the cheapest 
form on the market, flour of sulphur stands next in price, while 
flowers of sulphur comes still higher. The purity of any of these 


'(juotations on sal soda were received as follows during March and April, 1899: 
San Francisco quotes 50-sack lots at 60 cents per 100 pounds, 10-barrel lots at 
70 cents per 100 pounds, and smaller quantities at 75 cents per 100 pounds; Los 
Angeles quotes by the barrel $1.25 per 100 pounds, and by the car in sacks $1 per 
100 pounds; St. Louis quotes by the car load in barrels 55 cents per 100 pounds; 
New York quotes, f. 0. b. Syracuse, in jobbing lots, barrels of 375 pounds, 40 cents 
per 100 pounds; Fairport, N. Y., quotes 50 cents per 100 pounds, f. 0. b. 


¥ 
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forms is usually sufficiently high for the use of the horticulturist. 
Brimstone and flour of sulphur are usually about 98 per cent pure, 
while flowers of sulphur is almost entirely pure. Brimstone weighs 
most, flour of sulphur less, and flowers of sulphur least for a like. 
bulk. 

The horticulturist uses sulphur in all the above-named forms, brim- 
stomé being employed for bleaching fruit, nuts, ete., while flour and 
flowers of sulphur are used in field work for the control of insect and 
fungous pests. A simple mode by which one may test the purity of 
sulphur is to weigh out any desired amount and then dry and burn 
it; the weight of the remaining incombustible portion, added to the 
amount of weight lost in drying, determines the amount of impurities. 

The sources of the sulphur supply of the United States are numer- 
ous and varied. A large amount of crude sulphur is imported, 
although much of the sulphur now used in the production of copper 
sulphate, sulphuric acid, and various other chemicals is obtained in 
the United States through the decomposition of several native metallic 
sulphides, such as the sulphides of iron and copper, which are known 
as iron and copper pyrites. It has been estimated that the amount of 
sulphur consumed in the United States in 1892 was 243,154 tons. The 
sources of this sulphur were as follows: 


From 100,721 tons of imported brimstone (98 per cent) ....98,707 tons. 


From 1,825 tons of domestic brimstone (98 per cent) -... 1,787 tons. 
From 210,000 tons of imported pyrites (43 per cent) -...- 90,300 tons. 
From 119,000 tons of domestic pyrites (44 per cent) -..... 52,360 tons. 


At the present time the amount used is probably much greater than in 
1892. 

Great deposits of native sulphur are found in many foreign coun- 
tries and in various portions of the United States. Most of the 
natural deposits occur in past or present mountain regions, and are 
of voleanic origin. ‘The exhalations of volcanoes include, as a rule, 
sulphurous acid (SO,) and sulphureted hydrogen (H,S), which two 
gases, if moist, readily decompose each other into water and sulphur, 
a circumstance which accounts for the constant occurrence of sulphur 
in all yoleanic districts.” It is estimated that 5,000,000 tons of sulphur 
exist in one deposit in Japan. The deposits of Sicily are famed the 
world over, and 400 distinct workings are said to exist in that island. 
In central Sicily, at Assoro, Imera, Villarosa, and elsewhere, large 
amounts of brimstone, in the form of short truncated pyramids, are 
commonly seen piled near the railroad stations, as wood is piled in the 
United States. These large blocks, probably weighing 100 pounds each, 
are brought to the railroad on the backs of donkeys driven down from 
the mines in the mountains in long trains. Large refineries, devoted 
to the refining of such brimstone, are located at Catania. The annual 


outputof sulphur in Sicily is said to exceed 300,000 tons, and the present 
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importation of the United States from Sicily is about 120,000 tons. 
The richer sulphur ores of Sicily run from 30 to 40 per cent of sul- 
phur. A considerable quantity is also imported from Japan. 

The leading native sulphur deposits of the United States are located 
in Nevada, Utah, California, Wyoming, and Louisiana. While the 
amount of sulphur ore in the country is inexhaustible, the writer is 
informed by a New York dealer that not to exceed 3,000 tons are 
mined here annually, which, of course, does not include the amount 
extracted from pyrites. Respecting the Utah sulphur mines, which 
are located in the foothills of the Wasatch Mountains and in Beaver 
County, about 200 miles from Salt Lake City, the writer has received 
the following interesting data from Mr. C. F. G. Meyer, cf St. Louis: 
The sulphur supply at these Utah mines is practically unlimited, and 
the price of the product is governed entirely by foreign markets. 
The sulphur is found in an immense bed, the ore beginning at the sur- 
face of the earth and extending down to unknown depths. This ore is 
of a very soft character, containing sand, gypsum, and gravel, and 
has from 15 to 95 per cent sulphur. The profitable ore is mined 
through open cuts and hauled on a tramway to smelters. The smelters 
are cast-iron retorts and hold a ton of ore. Each charge is her- 
metically sealed and the retort is subjected to 40 atmospheres of steam 
pressure. Under this heat the sulphur percolates, in the shape of 
liquid sulphur, through the foreign matter into a pot below, from which 
it is drawn off and passes into a distilling vat for the purpose of per- 
mitting all foreign substance to settle to the bottom of the tank; thence 
it is drawn off into wooden molds, holding about 200 pounds, and 
allowed to cool, after which it is passed through a grinding process. 
inan attritionmill. The product obtained by the above process is about 
99 per cent pure, and forms the flour of sulphur, which is extensively 
used, as already indicated. For obtaining what is commonly known 
as flowers of sulphur, which is chemically pure, the ground sulphur is 
passed through a resubliming vapor process. 

Respecting any possible advantage to the horticulturist by purchas- 
ing sulphur refined in Europe in preference to that refined in the 
United States, a prominent sulphur refiner of San Francisco has kindly 
supplied the following facts: 

The sulphur refined is mostly from imported Sicilian and Japanese 
products. While there exists the remnant of a former prejudice 
against California sulphur, it should be of interest and value to know 
that there is absolutely no difference between that manufactured here 
and that manufactured in France, Italy, Denmark, and other European 
countries. Both start with the same raw material coming from Sicily, 
the same apparatus is employed, and even experienced foreigners are 
hired to refine the brimstone in the identical manner in which it is 
treated in the above places. There comes to the horticulturist no — 
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advantage, therefore, to offset the present duty of 88 per ton levied on 
the refined imported sulphur, and our agricultural population, it is 
claimed, is duped when demanding French, Italian, or other European 
refined sulphur. The same manufacturer further states that Sicily 
sulphur of 98 per cent purity is at present admitted to the United 
States, duty free, and that it can be ground or sublimed in this country 
and sold at a price below the cost of the imported foreign-refined sul- 
phur. It is also said, as to the comparative value to the horticulturist 
‘of ground (flour) and of sublimed sulphur (flowers), that for ordinary 
purposes domestic ground or pgwdered sulphur, which averages less 
than 1 per cent of impurities, will answer all requirements in a wash, 
being finer than the imported, the only impurity being a neutral, 
inert voleanic ash. The sublimed sulphur, as before stated, is identical 
with the imported and contains little, if any, trace of anything but 
elementary sulphur. It is lighter in bulk and more stringy than 
| ground sulphur (if examined under,.the microscope), but is not usually 
enough better for agricultural purposes to offset the difference in 
price. In other words, the difference in purity percentage between 
ground sulphur and sublimed sulphur is not in any way commensu- 
rate with the difference in price, and a great saving could be effected 
by substituting the former for the latter in ninety-nine cases out of a 
hundred. 

To these views the writer would add that the flour of sulphur is cer- 
tainly what should be used in the preparation of sprays. As to the rela- 
tive value of flour of sulphur and flowers of sulphur for powdering vines 
for mildew, there is a difference of opinion among vine growers, the 
ease with which the fumes are. given off being considered of prime 
importance in the treatment of this disease.’ 


- 1 Quotations on sulphur in March, 1899, were as follows: New York quotes flour 
of sulphur in 250 pound barrel lots at $2.20 per 100 pounds, 100 pound sacks at $2.15 
per 100 pounds, and car loads in barrels at $1.80 per 100 pounds, and in sacks at $1.75 
per 100 pounds, all f. 0. b. A second New York firm quotes roll brimstone at $2 per 100 
pounds; flour of sulphur, heavy, at $2.20, and light at $2.25 per 100 pounds by the 
barrel; sublimed flowers of sulphur at $2.375 per 100 pounds, in carload lots, f. 0. b.; 
roll brimstone, $1.70 per 100 pounds; flour of sulphur, heavy, 100 pound bags, $1.75; 
250 pound barrels, $1.80 per 100 pounds; light, 175 pound barrels, $1.85 per 100 
pounds; flowers of sulphur, sublimed, $2 per 100 pounds. San Francisco quotes 
powdered sulphur, sacks or barrels, by the car load at $1.50 per 100 pounds, less 
quantity at $1.60 per 100 pounds; sublimed (flowers of sulphur), sacks or barrels, 
car load lots, $1.75 per 100 pounds, less quantity, $1.85 per 100 pounds; roll, barrels 
only, $1.85 per 100 pounds; refined, barrels only (quality same as roll), $1.75 per 100 
pounds; crude, sacks, $1.40 per 100 pounds. 
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CHAPTER XI. 


PEACH VARIETIES AND NURSERY STOCK IN RELATION TO CURL. 


COMPARISON OF PEACH VARIETIES. 


It is a well-known fact that certain peach varieties are less suscep 
tible to curl than others. When planting, many growers strive to 
select varieties which are known to be comparatively resistant. This 
has led nurserymen to select and grow as hardy varieties as possible, 
and such selection has resulted in cultivated varieties becoming to 
some extent more hardy than the majority of seedlings. Of 97 peach — 
growers who have stated whether, in their opinion, seedling or budded 
trees are most affected by curl, 50 say that seedlings are most affected, 
19 think budded trees are affected most, and 28 growers have observed 
no difference between budded and seedling trees in this respect. 

In spite of the fact that some varieties of budded peaches are quite 
hardy, many of the finest peaches grown are much subject to curl. 
There are also varieties which are hardy in one locality and become ~ 
very subject to the disease when grown under different conditions. — 
There are, in fact, so many influences, such as season, soil, situation, 
etc., that it has been difficult to decide, except in a few cases, whether 
a variety may be fairly classed as hardy or susceptible. It is found 
by wide inquiry that a peach which is considered hardy in one portion 
of the country is not resistant to curl in another. The views of peach, 
growers vary so widely respecting the hardiness of varieties that it has — 
heen thought best to give the results as obtained, rather than strive to 
draw from them any final conclusions. Of a large number of growers 
who have been asked whether early or late-blooming varieties are 
most affected, 70 have expressed their views. A majority, or 42 of — 
these growers, think there is no difference between early and late 
blooming varieties, 23 believe early blooming varieties most subject 
to the disease, and only 5 believe the late bloomers most affected. It 
would seem that the late blooming varieties may be less liable to 
injury, owing to the increased warmth when they push in the spring, — 
but the difference is certainly not well marked. Respecting the hardi-_ 
ness of early or late maturing varieties, there appears to be little dif-_ 
ference from the replies to the circular letter. Among 79 peach 
growers who have expressed their views, 22 think early varieties most 
subject to the disease, 16 believe the late varieties most subject to it, 
and 41 think there is no difference. 
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Besides the facts respecting the hardiness of varieties gathered by : 
circular letter addressed to the peach growers of the country in 1893, 
the following list contains such information on this subject as it has 
been possible to glean from the publications accessible to the writer. 
In this list are tabulated 191 peach varieties and a few nectarines in 
relation to their resistance to curl. So far as possible the form of the 
glands, the season of ripening, and the adhesion of pitis shown.'! The 
susceptibility to curl is shown in three columns—little susceptible, 
medium susceptible, and very susceptible. Every record for or against 
a variety has been obtained from a distinct source from all other 
records for that variety, and the list includes over 1,000 records. As 
a record under medium susceptible or very susceptible is against the 
variety, showing that it is subject to the disease, these two columns 
are added and the sum carried toa final column. This final column 
may thus be fairly contrasted with the first column, which gives the 
records of varieties little susceptible to curl. The entire list goes far 
to show that few varieties are practically free from curl in all locali- 
ties, and that some of the finest varieties are very susceptible to it. 
(See for example the records under Crawfords Late, Crawfords Early, 
Elberta, Heath Cling, Lovell, etc.) 


TABLE 43.—Relations of peach varieties to peach leaf curl, with records of glands, time of 
ripening, and adhesion of pit. 
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1In some instances it is known that the form of the glands of a variety is reported 
differently by different writers, and on this account a few errors may have crept into 
the table here given, but where it has been possible to determine such questions by 
referring to several authors it has been done. Unfortunately the writer has not been 
able to study this matter in the orchard except for a portion of the varieties given. 
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TABLE 43.-—Relations of peach varieties to peach leaf curl, with records of ands, time of 
ripening, and adhesion of pit— ‘ontinued. 
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TABLE 43.—Relations of peach varieties to peach leaf curl, with records of glands, time of 
ripening, and adhesion of pit—Continued. 


5 au a 4 ' 
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A digest of 98 reports on peach varieties in respect to the form of 
glands, earliness or lateness of ripening, and adhesion or nonadhesion 
of the pits, as these characters may or may not be related to suscepti- 
bility to curl, is given in the following table. 


TABLE 44.—Comparative susceptibility of 98 peach varieties in relation to form of glands, 
earliness or lateness of ripening, and adhesion or nonadhesion of pit. 


Number of varie- | otal varieties— 


‘ : : ties— 
Period of ripening 
Character of glands. and adhesion of Very Littis Very Little 
pit. suscepti- | suscepti- | suscepti- | suscepti- 
ble. ble. ble. ble. 

Vu Re are ee se 8 12 

Reniform, 50 varieties......--..------++- onesies figs Roads : a 24 26 
OMS ai cw cote wets 4 3 
an ee ete wae 9 12 
, , AS fort GOR gone ciaie as stele 12 9 

Globose, 42 VATICUOGSs...cncccccecacsccnbaes eet PEARS hth OF$ 19 18 21 21 
CG ee a eee 2 3 
AT ys ein steal mr atele sian 5 

Serrate, 6 varicties..........+--0---c+ee- setae tgs Poa rae 6 
CLTIG' J acv ane nop |eaeeteerees 2 


In the above table a most striking correlation appears between 
peach varieties with serrate leaves and susceptibility to curl. All 
the six varieties for which full information could be obtained are 
little susceptible, which is all the more interesting from the fact that 
the varieties with serrate leaves have long been known to be very 
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subject to mildew. <A list of seven such varieties for which the char- 
acters of the leaves have been obtainable is here given in contrast to 
the above. 

TABLE 45.—List of peaches subject to mildew. 


Characteristics. 


. Name. ro 7 
¢ Glands or leaves. | Ripens. | Adhesion. 
INO. Ge ion 6.cx asus i phnacwawes SAREE CK SEES MESA bw doh SGQIrane...sc+o-< Early..... Free, 
I SI bas Sb cam Red Leable ek ake eae ORO aE EL bttcill yp ale CORES Hoes ico Sie RE ee Do. 
ONIN Lin circ hs s keds Ue Soe SERN eh ween ee hae ee els = oe 2 SOEs sos GO. o> 
SMITE oie, Cicwiec siks Rudy LES RRae es eek ket Gaels pe tkes birds x oy ae Re ee ere ae | Free. 
MEMES a Cnn ck Cok bap eee vaReheeekeehune at hee-ibmen ot ke ges (ate ee Do. 
hes erate kL oe Nb era ake Shap cele ce pe cen aie line ei Mo wes es sc IESG «coke Do. 
EI SoS kot anid duke Eee REAM COE EE oh'e Come ste beets UO eset Ae [oe O Se ee Do. 


Some correlations of the shape and absence of leaf glands with the 
time of maturity of the fruit and the adhesiveness of the pit have 
been compiled from over 400 varieties, and these correlations are 
shown in the table which follows. 


TABLE 46.—Correlation of shape or absence of the leaf glands of the peach with the period 
of maturity of the fruit and the adhesiveness or nonadhesiveness of the pit. 


Serrate 
Reniform) Globose jleaves, or 

glands. | glands. | without 

glands. 
ee et eae eS tore Re ee Oe Bice tie wee eee e oe ee ans 46 130 32 
a es ke Se et Sk oe cena etek bb ue dsccee ee seb bee 140 50 4 
eee ee a Ee a ee eae mind ac wn aw Se wane sear 124 166 | 32 
CUS on Seg SEES pe Se i ae an ek ee ee 62 14 4 
RE Te Be Oe A Ne ee ce pe oan Lets aN Ione Rome ows che oS aS 35 120 28 
ERIE Oe PRer oece ee eee scene ears te cht tek bos Oe 89 46 3 
CE ON SER pe Re res alee Se ae eerie he eee eee 14 16 4 
LP PES C Pry Se ROE ee ee ee ener rey a iG noe eS ee 48 4 1 


This table shows that of 208 early-fruiting varieties, 46 have reniform 
glands, 130 globose glands, and 32 serrate leaves; while of 194 late 
varieties, 140 have reniform glands, 50 globose glands, and 4 serrate 
leaves. In other words, of the early varieties given there are nearly 
three times as many with globose glands as with reniform glands. 
On the other hand, of the late varieties, there are nearly three times 
as many with reniform glands as with globose glands. The table 
also shows that there are 120 early free globose to 35 early free reni- 
form varieties, while there are 89 late free reniform to 46 late free 
globose varieties. This table is given as a step in the direction of 
future investigations along this line, which appear warranted by the 
correlations found to exist between the form of glands, the date of 
maturity, the date of bloom, etc., and the little or great susceptibility of 
varieties to curl and mildew. Such facts may prove of much impor- 
tance when taken in connection with future work in originating hardy 
or otherwise desirable varieties by cross breeding. 7 
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The preceding records, showing the comparative susceptibility to curl 
of nearly 200 varieties of peaches, will enable the grower who contem- 
plates setting an orchard to make his choice of varieties advisedly. 
As already said, however, many superior varieties are very subject to 
curl, hence the practical methods of preventing it as detailed in this bul- 
letin make it possible to successfully grow the most susceptible varie- 
ties in the most unfavorable situations, so faras this disease is concerned. 
Such varieties are in fact saved to the peach industry of large sections 
of the country by means of this preventive treatment. The Elberta, 
a favorite in both the East and the West, and the Lovell, a favorite in 
California, may now be cultivated to any desired extent in regions 
from which they have heretofore been practically excluded by curl— 
advantages that are certainly not the least of those arising from the 
recent work in the treatment of that disease. 

Asa striking illustration of what has just been said, the following, 
contained in a letter recently received by the writer from a gentleman 
in northern California, is given: He states that the Lovell variety 
will curl in his locality so as to be of little use, if not sprayed. One of 
his neighbors, who had a small orchard of that variety, stated that he 
intended grafting the trees to some other peach, as they did so badly 
on account of curl, but our correspondent advised the winter use of 
Bordeaux mixture, cautioning the grower to spray his trees thor- 
oughly. This was done, and the trees bore a fine crop of fruit. The 
work was so satisfactory that instead of grafting over the Lovell 
variety a block of Fosters was grafted to the Lovell, the variety with 
which the detailed experiments of the writer were conducted in the 
Sacramento Valley in 1894 and 1895. 


TREATMENT OF NURSERY STOCK. 


The nursery is not only the source of the orchard, but also very 
largely the source of orchard diseases, and its health is therefore of 
common interest to the orchardist and nurseryman. Could a nursery 
be freed from curl, many orchards planted from it would not suffer 
from the disease for years, especially if isolated. ‘There is little doubt 
that curl has been largely disseminated throughout the world by 
means of nursery trees. 

It has been supposed that the main source of spring infection of 
trees was from the perennial mycelium already in the buds, and were 
this hypothesis true nurserymen could scarcely hope to procure buds 
for their seedlings which were free from this disease. ‘The spray 
work upon curl has shown, however, that the single external applica- 
tion of a fungicide is sufficient to prevent 95 to 98 per cent of curl 
when the treatment has been thoroughly made. This appears to 
indorse the view that at least 98 per cent of the spring infections are, 
as elsewhere claimed in this bulletin, from spores upon the tree, prob- 
ably largely resting upon or within the bud scales themselves. 
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The facts given are suflicient to warrant some general considera- 
tions and recommendations: 

(1) The trees from which buds are to be selected should be thoroughly 
sprayed with strong copper sprays before the buds are removed. (2) 
Where the last year’s branches are removed as a whole, the buds to be 
cut out while budding is in progress in the nursery, the bud-bearing 
shéots should be thoroughly dipped once or twice in a well-made Bor- 
deaux mixture before being taken to the nursery.’ (3) After the nurs- 
ery trees are budded they should be sprayed with Bordeaux mix- 
ture, no portion of the tree or newly inserted bud being omitted. This 
treatment should be repeated as often as found advisable, and the more 
thorough the better, especially after the removal of the seedling top. 

The writer feels that these recommendations are for the best inter- 
ests of the nurseryman, as well as the prospective purchaser. The 
Bordeaux mixture will not only prevent the injurious action of the 
disease, but will increase the diameter and height of the trees more 
than sufficient to warrant the outlay, and will make them in every way 
more valuable to the nurseryman and orchardist.’ 

Messrs. Dressel Bros., proprietors of the Hart Nurseries, Hart, 
Mich., sprayed their peach nursery in the spring of 1894 with Bor- 
deaux mixture. They reported good success from this work in the 
control of curl. In the spring of 1895 they undertook an experiment 
with the use of 5 pounds of copper sulphate, 10 pounds of lime, and 45 
gallons of water, this experiment including 110,000 nursery peach trees 
one year old and of several varieties. The sprayed trees were treated 
twice, the first spraying being done April 1 and the second April 16. 
On July 21 the foliage of sprayed and unsprayed trees was estimated, 
and it was found that while none of the leaves had fallen from the 
sprayed trees, 145 per cent had fallen from those unsprayed. There 
were 100,000 sprayed trees and 10,000 unsprayed trees in this 
experiment. 

Dressel Bros. state respecting this experiment that. they considered 
the work very successful, that their nursery stock showed good 
results, and that the work would be continued. The sprayed stock 
showed an increase in height. In 1897 they again treated their trees, 


1 This is a matter calling for careful and detailed experiments. It should be com- 
paratively easy to dip such shoots one, two, three, or four times, and to have the 
buds from such shoots inserted in seedling trees of separate nursery rows. By such 
method a record could be kept of the number of trees showing curl upon the push- 
ing of the first leaves. In this manner much could be learned about the disease, and 
a standard could be determined for the treatment of the shoots to be used as the 
source of buds. 

In relation to the added size and weight of sprayed over unsprayed nursery trees, 
the reader is referred to Bull. No. 7, Division of Vegetable Pathology, U. S. Dept. of 
Agr., 1894. This bulletin relates to the effect of spraying with fungicides on the 
growth of nursery stock. 


202 PEACH LEAF CURL: ITS NATURE AND TREATMENT. 


leaving unsprayed trees for comparison. The trees of the sprayed block, 
it is stated, were very nice and straight and made a good growth, and 
there was no curl, it being hard to find a leaf affected, while growth 
started well and continued. thrifty throughout the season. The 
unsprayed trees on the other hand curled so badly that many were 
crooked and stunted, not attaining the height of the sprayed trees 
within a foot,and a good many were worthless. The treated trees 
were sprayed twice in the month of March, 1897. They note that 
Bordeaux mixture, to do its work properly, should be on the trees 
for seven or eight days without rain. 


SUMMARY. 


(1) Peach leaf curl has a world-wide distribution, occurring in every 
region in which the peach is grown. In humid localities it is a leading 
hindrance to peach culture, and in portions of the Pacific coast States 
it has greatly limited the extent of the industry. 

(2) The orchard losses from peach leaf curl vary from a small amount 
of fruit to the entire crop, while in many instances young trees are 
killed. The national losses from this disease will amount to $3,000,000 
annually. 

(3) Curl is caused by aparasitic fungus knownas /xoascus deformans, 
the ravages of which are largely dependent upon the atmospheric con- 
ditions prevailing while the trees are leafing out. Rains and cold 
weather at that time tend to increase the severity of the trouble by 
favoring the growth of the parasite and interfering with the proper 
functions of the host. For these reasons orchards near large bodies of 
water and in low or damp situations are more subject to curl than 
those in dry regions or in elevated situations. 

- (4) Most of the spring infections of peach leaves are due to the 
spores of the fungus and not to a perennial mycelium, as formerly 
held, hence the efficacy of sprays. 

(5) Curl was first successfully treated in California during the period 
from 1880 to 1885, the success depending upon the application of 
fungicides to the dormant trees. The disease was not successfully 
treated in Europe for ten years after its prevention in the United 
States. 

(6) The copper sprays are now found to be more effective than the 
sulphur or other sprays first used. Of the various sprays experi- 
mented with, Bordeaux mixture, in the proportion of 5 pounds copper 
sulphate, 5 pounds lime, and 45 gallons of water, gave the best results, 
the equal weights of the copper sulphate and lime being most effective 
when the mixture is applied shortly before the opening of the blossom 
buds. When it is desired to increase the durability of a spray by 
increasing the proportion of lime, the application should be made 
earlier or equal proportions of copper and lime should be maintained. 


SUMMARY. 903 


The total saving of foliage increases with the increase of copper sul- 
phate when the amount of lime remains constant, but the average 
saving per pound of copper sulphate decreases with the increase of 
copper used. 

(7) In the treatment of peach leaf curl, from 95 to 98 per cent of the 
spring foliage was saved by spraying. A net gain of 600 per cent in 
foliage over that retained by adjoining unsprayed trees resulted in the 
case of several different sprays. Bordeaux mixture when applied to 
the dormant tree increased the weight and starch-producing power 
of the leaves, and the sprayed trees showed a great gain over the 
unsprayed in the number and quality of the fruit buds they produced 
for the following year, the gain in the number of spur buds being over — 
100 per cent in some cases. The lower limbs of sprayed trees showed 
a marked gain over those of unsprayed trees as compared with the 
upper limbs in both the number of fruit buds and lateral shoots they 
produced. 

(8) The average value of the fruit per tree in rows treated with the 
most effective Bordeaux mixture ranged as high as $6.20 above that per 
tree in adjoining untreated rows, or the equivalent of a net gain of 
$427.80 per acre where trees are planted 25 by 25 feet. Over 1,000 per 
cent net gain in the fruit set has resulted in the use of some of the 
more effective sprays. 

(9) The trees should be sprayed each season, as we experiments 
proved that treatment one season will not pr ieee the disease the 
following year. Spraying should also be done even though the trees 
may not be expected to bear, as the loss of the crop of leaves is shown 
to result in as great a drain upon the trees as does the maturing of 
one-half to two-thirds of a crop of fruit. 

(10) The work demonstrates that peach leaf curl may be cheaply 
and easily prevented in California, in western Oregon and Washington, 
and along the east shore of Lake Michigan, where curl causes great 
loss, as well as in all other peach-growing sections of the United States. 

(11) The copper and lime sprays are less injurious to the trees than 
those composed of sulphur and lime. The use of lime in winter sprays 
has proven an advantage in enabling the workmen to see their work 
and complete it with greater thoroughness than would otherwise be 
possible. A proportional increase of both lime and copper sulphate 
is recommended for wet regions, and for very wet localities a second 
winter spraying is advised. 

(12) Cyclone nozzles with lateral or diagonal discharge are best 
adapted to the work. 

(13) The proper time for winter spraying and the number of appli- 
cations depend to some extent on the locality, season, etc., but active 
sprays are likely to do most good if applied from one to three weeks 
before the opening of the blossoms in spring. The proper time to 
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apply sprays for the prevention of curl is in dry, calm weather, and 
during the middle of the day, in order to avoid dew or frost upon the 
limbs as much as possible. 

(14) Of nearly 200 peach and nectarine varieties considered with a 
view of determining their comparative susceptibility to curl, it was 
found that very few were wholly free from the disease and that some 
were very subject to it. Some of the choicest varieties, as the Elberta 
and Lovell, are seriously affected, but it has been demonstrated that a 
single winter treatment will prevent the disease upon even these varie- 
ties. It may be thus fairly claimed that the spraying methods recom- 
mended will save to the peach industry some of its finest varieties, as 
well as result in the saving of foliage and crops already indicated. 
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DESCRIPTION OF PLATE XXVIL 


A suitable outfit for spraying small orchards. One horse, two men, 
spray two trees ata time. This scene represents the experimental spray 
used by the writer in the Rio Bonito orchard. ae 
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PLATE XXVI. 


Bull. 20, Div. Veg. Phys. & Path., U, S. Dept. of Agriculture 


DESCRIPTION OF PLATE XXVIL. 


- Spraying 4 trees at a time, with 5 men and 2 horses. There is here es 
gallon spray tank and long-lever (Gould), brass-lined piston pump, = 
sufficient capacity to supply 4 nozzles, 1 man pumping. The horses are » 
by means of gunny sack covers. The Chinese hats in use furnish oll 
to the eyes and neck, but are too stiff for the most convenient moe under 


PLATE XXVIII. 


Bull, 20, Div. Veg. Phys. & Path., U. S, Dept, of Agriculture, 


OUTFIT FOR SPRAYING MEDIUM-SIZED ORCHARDS. 


Treating four trees at a time, 


DESCRIPTION OF PLATE XXVIII. 


Regular winter spray work in the Rio Bonito orchard. Eight trees are here 
being sprayed at one time, with 10 men and 4 horses. The trees being treated are 
well advanced, the buds being much swollen, although not yet open. If work is 
thoroughly done at this stage of bud development the results will commonly prove 
satisfactory; but an active spray should be used, such as the eau celeste, or Bordeaux 
mixture with a low percentage of lime and high percentage of copper sulphate. 
Such sprays should not be applied, however, after the opening of the blossoms. 
Farlier spraying is better, the chemicals in such cases doing less harm to the tree and 
having a longer time to reach all spores that endanger the new growth. 


PLATE XXVIII. 


Bull. 20, Div. Veg. Phys. & Path., U. S, Dept. of Agriculture. 
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SPRAYING IN LARGE ORCHARDS. 


Treating eight trees at a time. 


DESCRIPTION OF PLATE XXIX. 


A power sprayer in use ina young orchard at Santa Barbara, Cal. 
was built by the Union Gas Engine Company, San Francisco. 


PLATE XXIX, 


Bull. 20, Div. Veg. Phys. & Path., U. S. Dept. of Agriculture, 


DESCRIPTION OF PLATE XXX. 


Views of the right and left sides of the Gunnis power sprayer of San Diego, Cal. 
This sprayer is one of the lightest, most compact, and most practical power sprayers 
in use for general orchard work. It supplies 2 or 4 lines of hose, as may be desired. 
A tender is commonly used to carry the spraying materials to the orchard, where an__ 
extra rotary pump, worked by the same power as the spray pump, rapidly transfers 
the spray to the tank of the spray wagon. Such an outfit is adapted to extensive 
orchard work. Mr. H.R. Gunnis, San Diego, Cal., is the ownerand operator of this 
machine. 


Bull 20, Div Veg Phys, & Path., U. S. Dept. of Agriculture. PLATE re Ge Ge 


RIGHT AND LEFT VIEWS OF POWER SPRAYER, SAN DIEGO, CAL. 
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